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PREFACE 


I N investigating llie diseases o£ silkworms in India I liavc kept 
three things in mind — ^first the practical rather than the academic 
point ot view : second the historical standpoint, and third the results 
got in other countries, especiiaJly the tropics, as well as in India. 
Because o£ the first of these I.have lefhput in this report all questions 
of a purely scientific interest.-^. 'I hopo'to publish later in one of the 
scientific journals the results of my work on tlie life-history of the 
parasite that causes pehrine. Because of the second I have always 
discussed at some length the early work, especially that done in 
India, for only hy paying dne attention and respect to the older 
workers can one expect to get a true and complete view pi any 
problem. Indeed, the work of the earlier investigators is very 
frequently on a much higher plane than oiir modern efforts : they 
were not so eager to get out results and so could spend more time 
in thinking over them. Because of the third 1 have not miiltijilied 
experiments. If I found that my results confirmed those of other 
workers I have not delayed further over them, believing that a 
fairly rapid sur^’ev of the field was mote called .for than a pains- 
taking re-invcstigation of any particular point. I have written as 
simply as possible in order that my report might be intelligil)le to 
those who have no special knowledge of the subject : experts, if 
any should read it, will doubtless pardon any apparent “ insults ” 
to their knowledge. 


I am deeply indebted to many people for 'i-'laiioe in cai lying 
out this piece of work, but especially 1 o the s-j i.-jiliural departniciils 
of the different provinces and Slates in lucli.'. ^Froin all 1 have 
received the utmost courtesy and assistance while' touring in their 
districts, and they have shown the greatest kindness in replying to 
my inquirit^.' I have to exjircss a qjccial degree of, indebtedness 
to Chaudhiiiy, Ceputy Director of Soricultiu’e in Bcng.'d, 

and. toijjthfe; -staff of the ‘Berhainpore Central Nursery for having 
conducf&d’ experiments ’fciic’ rile in the nursery and for having got 
iW.^s'-in the villages to rear worms for me specially,^ To all who 
,scfff5'-^ocoons for census, .purposes 1 wish fo convev 'mv thanks. 




Iv'- and ft-r liiD'st of the draAvings and 1 ext-figures 1 am 

Biigchi, Iayo of the 

■V" staff. Finally. J .Avoidd record mv apprecia- 

' Avhich iriy assistants, Mr. Harihar Prasad and 
‘ ' helped me in my A^ork. and 1 would also 

- jj-: rearer, Lotan. 
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A Report on the Diseases of Silkworms 

in India. 


I. INTRODUCTION. 


HISTORICAL SKETCH OF DISEASE IN INDIA. 


Tlie question of siUcwoim diseases is no new one in India, althongli 
it IS onl)' in comparatively recent times that anj* really reliable 
data are to be found legardmg this subject. Desinle the fact that 
sericulture is piobably a much older industry in India than in 
Europe, ihere are no rccoids, so far as I am aware, which show 
what the condition of the woims was m the early centuries — ^nothing 
comparable with the treaties on sericulture by Olivier de Serres 
published in Euiope in 1599. There are references in Indian 
literature to sericulture,'’ but in these no account of the methods 
and trials of the rearer are given. It was not until the ariival ol 
the traders from Buiope in the 17th ecntuiy that attention began 
to be paid to means whereby the inciease of silk could be attained. 


The eaily reports of the East India Company contain many 
refeiencesto the trade m silk, and some of thern seem to me to 
indicate that it is at least possible that disease was not absent, 
although there are no direct references to any epidemic. The 
repeated attempts made to introduce foreign kock— Chinese in 
1710 and-1770,; Italian in 1795 and 1833— might indicate that all 
was not well ivitli the local races, or it might merely be the desire 
to tr)’ to obtain a woim yielding more and bettei’ siUc. There are, 
however, several references to the degeneracy of the worms which 
make one think that diseases must have been prevalent although 
they were not specifically mentioned. Thus Italian worms intro- 
duced m 1795 all “ perished'' : while m 1796 a report by the Resident 
of Jungyporc— ‘ an authority on silk ’’—deals with the question of 
degeneracy and puts it clown to three causes : 1 “ improper food” ; 


*iry first nssjstdnt, Mr Hnnlmi Prasad, has called mv 'attention tosnmp imno .i 
Rumajan^of Tul.lu Das. vntten .ibout l,wl. Chapter 7. ]St VI . 

,! ^*®*^*', te hoi. tiitc pitainljcr niclur, 

' ..V ,• pile sab l;oi, pram ap.h\an pran sam” 

renculturo was a viell known industry m tho 
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more care in growing the mullieny. more care in feeding the worms— 
especially feeding during the night and feeding ahvays on freshly 
gathered* leal— better ventilation and better spacing of the worms. 

It IS impossible to note all the records of disease and remedies 
for improving the silkAvorms, so that I am selecting only a few of 
the more ontslanding cases. ^ Thus in 18C7 an attempt to introduce 
sericulture in Bihar resulted in disease sweeping ofi all the reaiings. 
While in Mysore in 1866 a disease broke out which was described 
as “ a sort of atrophy " and was doubtless an epidemic of pebrine. 
In every case in which worlf on sericulture was conducted by 
Europeans attention was drawn to the fact that the native rearer 
was neither very careful nor cleanly in his methods, and that if 
sericultural practice were improved the question of disease would 
tend to disappear. Strangely cnougli, howeA'er, when this advice 
was put into practice for a little while under European supcr\"ision 
disease did not disappear as was expected. 

While private individuals were doing most of the work of value, 
the various Governments in India continued to make more or less 
spasmodic attempts to do something for sericulture. In Bengal 
little seemed to have been done Iiut in Bombay, Madras, Slysore. 
Punjab, North-Western Provinces and Kashmir tlie various Govern- 
ments seem to have in various ways encouraged sericulture but at 
this particular period with but little successi 

During the years witii which we have been dealing in the last 
three paiagraphs — that is to say, from about 1850 to 1870 — disease 
had been rampant among the sillcwonns of Europe, and sericulture 
had been almost killed out in France and Italy. Many investiga- 
tions were conducted into the question of silkworm diseases, and 
finally the famous Erench bacteriologist, Pasteur, completed liis 
masterly researches, and by his papers and his book on “ La Mnladio 
des Yens a Soie," published in 1870, brought comos out of the cliaos 
111 which the subject was weltering. The great falling oil in tlic 
silk production in Europe turned the silk merchants’ eyes once more 
to the East, and the C4overimient in India began to take a more 
active interest in sericulture. The only immediate result was the 
very able report by Geogliegan on “ Silk in India published in 
1872. To this work I am indebted for many facts quoted above. 
But there was now some definite knowledge aWilable on the subject 
of disease-, and some improvement was to be cxjieoled — ^if not in the 
worms themselves at least in the accounts published of their 
condition. 

In 1886 and again in 1SS7 a conference waslieldin Calcutta on 
SGnculturc, Jiiid AVood. JIasoii jiikI (■!. [Jlulcevji avcig nsked to 
investigate the problems of disease in silkivorms. Tlie result of 
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mistake made -was in doing things on too liig a scale. Mnkerji was 
right. Seiiculliire is a cottage industry, and disease can be kept in 
check only when relatively small numbers of worms are ]:ept 

together. . -vr r« 

AVitli such experiments and controversies the regime of r<. &• 

Mnkerji in Bengal sericulture was concerned. 

In passing, another name, that of Cleghorn. whicliis honourably 
associated ivith Bengal sericulture, may be mentioned. He paid 
much attention to hybridization and selection. Init to him we are 
indebted for the fullest account of the Bengal silk fly. Unlortu- 
nately he docs not seem to have been in favour ol microscopic 
selection of seed, so that the weight of his influence was not thrown 
always into the right scale. 

But sericulture continued to languish. Another government 
committee was appointed in ] 90S, and a number of recommendations 
were made and not — as a rule — earned out. The woik of the seed 
supidy stations went on but the most important work seems to have 
been that of hybridization, which had been repeatedly tried in the 
past and had failed, and which ui) to the present has not yielded — 
as far as I can see — very encouraging icsults. 

In other parts of India during the period from 1890 to about 
1914 very little was done on a large scale — except m Kashmir where 
a flouiishing indiistiy was established and where disease has been 
more or less got under control. In Mysore the silk industry is 
comparatively modern, having been introduced about 17S0 by Tippii 
Sultan : Lefroy (1910) calls this an old industry but comjiamd with 
other regions it cannot be considered as other tlian young. After 
the English took possession oi this State, serious attempts were made 
to encourage sericulture, but by 1870 they liad nearly all been 
abandoned on account of failures duo evidently to disease. The 
industry remained in a very decaying condition until tlie second 
decade of the present century when the Government took it iiji. 
and with the help ot Italian and Japanese experts got a thoroughl)* 
satisiactoiy Department of Sericulture started. Under the ener- 
getic and wise management of the present Snpcrinlcndcnt of Seri- 
culture, the department is doing excellent work in all brnnrhes of 
sericulture aud diseases arc being very efficiently controlled. In 
other parts of India sericulture is not an industry of any size with 
perhaps the exception of Assam. In this province, however, it is 
only within the last year or two that any attempt lias been made 
to organifje sericulture. 

Much of the recent advance in .sericulture in India is donl»tlc.<;s 
dite to econmnic reasons, but possibly Loiroy's enquiry into Tiidinii 
sericultm-e in 1915 has had something to do with it! In this the 




II. DISEASES OF MULBERRY SILKWORMS. 


luti’oductiou. Tlie term “ silkworm.”’ while in real itj" a vague 
one. has piactically come to mean the mulbeiry silkworm, the 
caterpillar of various varieties or species of the genus of moths, 
Bomhjjo'. There are of course silk-producing caterpillars of other 
genera, such as the En {Aitociis i7cini). the Mnga {Anihejcca asw- 
mensis) and the Tasar {Antherooa mylitta), but the industries 
associated with these worms in India arc so small that, they aie but 
little known to the world at large, and even in the silk industry 
they take a very unimportant place. However, as the subject of 
our enquiry is “ siUcworm ' diseases, they will have to be considered : 
but I jiropose first to discuss the diseases of mulberiy worms, and 
having investigated these in some detail, it will be found that the 
di.'scases of the less important producers of silk may be disposed of 
lapidlj*. 

There are several different species or varieties of mulberry silk- 
worms. but it would be quite outside the scope of our investigations 
to enter into an essay on these and their validity. It will be sufii- 
cient for our purpose to note that, excepting in Kashmir where a 
uiiivoltine (f.e.. producing only one generation in a j’^ear) worm of 
French or Italian origin is reared, the great majority ol the worms 
reared in India are multivoltine (i.e.," producing many generations 
in a year). There are several different kinds of multivoltine worms 
reared in different parts of India, such as the Kistari and Chhotapolu 
ot Bengal, yielding a golden yellow cocoon, the Mysore, giving a 
greenish white cocoon, and the Burmese., spimiing a large loose 
textured cocoon, but all appear to be on the whole subject in the 
same degree to the same diseases, so that it will be unnecessary to 
treat them separately. 

The innlbeiTv silkworm is a completely domestical ed animal 
which has been reared by man for at least «1,500 years, and like all 
domesticated animals— and indeed like wild animals too for that 
matter though in a much less degree — ^it is subject to certain 
diseases and pests. Our knowledge of sihcwomi diseases is, however, 
of comparatively recent date. Despite the fact that silk and the 
rearing. of siUcworms arc referred to in Chinese record.? said to date 
back to more than 2,000 years before the Christian era, the earliest 
definite .records of disease are to be found in the first European 
treatise on sericulture, that by Olivier de Serres published in 1099. 
Here tJie susceptibility of worms to disease is clcarlv recof^iiized and 

( 7 ) 
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an endeavour made to deseri'be and define the diseases. In this, 
as indeed in man}" of the much later works on sericultiu’e, the 
sjTnptoms of several diseases were confounded together, and, as was 
to be exjiected, only the more striking diseases and their most 
characteristic appearances, such as the white efflorescence on the 
mummified bodies of worms that had died of muscaidme, were noted. 
The significant point is. however, that at this earlv date in the 
history of serioultnre in Europe disease was well established among 
the worms and evidently not a thing of recent years. Subsequent 
works on sericultiu’e continued to pay attention to the question of 
disease in European siUcworms, and gradually many different forms 
of sickness were recognized, some of them merely being names for 
what are now recognized as different symptoms of the same disease. 
It was not until the work of Pasteur in the years 1S65-1870 that 
order began to appear in the diagnosis and treatment of silkworm 
diseases. Since his day much work has been done on this subiect, 
and a series of more or less well marked diseases are now recognized. 

The diseases of siUiworms may be divided into two classes : those 
caused by certain easily recognized animal and plant parasites, not 
bacteria, and those of a more indefinite nature in which bacteria 
may or may. not play a part. For want of better names I shall 
call the first group “parasitic diseases^' and the second “rot 
diseases.” Under parasitic diseases I include three diseases : — 
(1) Pebrine. caused hj Nosema ionibijcis, (2) ISluscardine. caused 
by Botnjlis basswnn. and (3) dhe Ely pest caused by Tiigcolijga 
hombycis. Under rot diseases I mclude all diseases of the flachene 
type and grasserie. The parasitic diseases are reasonably well 
understood and their diagnosis and control are consequently 
possible The rot diseases, on the other hand are somewhat 
obscure in their origin and consequently imperfectly understood 
and difficult to control. All these diseases are not equally 
important in India. I piopose to take them m turn devotmg 
space to them in proportion to their importance. When all the 
diseases ha^'e been examined, we shall turn our attention to the 
other silkworms found in India and rapidly lun through the 
diseases fiom which they sufier. 


1 KATA OE MATHA-KATA (PEBEINE). 

Definition and diagnosis. The name pebiine is in reality an 
unfortunate one for this disease. It was given to it because of the 
prevalence of black spots on the skin. According to De Quatrefages, 
who gave the name currency, pebrine in the language of the Midi 
means “ pepper disease " — the black spots resembling pepper 
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sprinkled over the skin of catei’pillars affected by it. But in reality 
this IS by no means one of the most characteristic features of the 
di-sease. at least in India. Some of the older names such as 
“ maladies des petits” or atrophic, signifying the uneven gro^vth 
of the Avorms. u’ould have been much more suitable, but the name 
is now much too veil established to be changed. The Bengali 
name Kata or Matha-Kata is said by Mukerji (1S99) to refer to the 
pale colour that is said to be characteristic of pebrniised voims m 
India. 


"Worms suffering from pebrine do not show any symptoms visible 
to the naked eye until the disease is far advanced. Then it is seen 
that the worms become more and more unequal in size — some 
growing iiormalfy while others remain very small. The worms- are 
sluggish and slow and irregular in passing their moults, and are said 
to be paler or more translucent than healthy ones. There may be 
considerable mortality among them, and then it will be found that 
the dead worms do not become at once rotten and soft but tend 
to be dry and rather firm. In some cases the black spots referred 
to above are found, but in India these are not very common. The 
spots are irregular in foim and very dark brouTi to black in colour. 
They are to be found all over the body (Plate I, figs. 2 and 5). 
The most characteristic feature of this disease, however, is the 
presence, m different parts of the diseased caterjiillar's body, but 
especially in its gut, of numerous minute oval bodies, which aie the 
spores of the parasite which causes the disease. A full account of 
these and the life-history of the parasite will he given below. Should 
caterpillars affected with this disease spin cocoons — and the majority 
frequently do so — ^the cocoons will he flimsy and poor, and the 
moths which cut out of them may be deformed (Plate I, fig. 3) 

0 SCO ched lookiii^, wings and distorted antemce, 
and what is much more serious, the eggs laid by the moths are 
laid iriegularly, many do not hatch and ot those that do many may 
give rise fo diseased caterpillars. ^ 


History of the disease. It is, I think, very important that 
the history of this disease should be thoroughly well known for 
there seems to be an idea in India that it is a recent thing at all 
events m tins counts. Thus in Geoghegan’s " Some account of 
Silk 111 India. 18S0 Ed., it is stated that “ no epizoic such as the 
muscardine and the ' pehrine,' which have devastated France 
and Italy, has as yet appeared in India." N. G. Mukeni reported 
m January 1888 that while fiacherie, grasserie and muscardine 
been known m Bengal (note that Geoghegan evidently 
had not heard of muscardine in India, showing how reliable these 
statements are) pebrine has only appeared within the last ten or 
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twelve yearsj becoming each year moie destructive and causing 
feais ol a total collapse of the trade.” Finally, in the section on 
pebrine in Lefioy’s “ Eepoit on an inquii)’ into the silk industiy 
ill India ” it IS actually stated that '* this disease appeared in Bengal 
about. lS9o and probablj* iii jllysore between 1890 and 1900. ’ The 
date 1895 is obviously a misprint for 1875 but what of tlie state- 
ment regaiding Jlysoie ? Later m the same section Mr. ITutchmson 
writes, “ in all probabilit}* the comparat-ivcly small part which 
pebriiic has played in dcpicssmg the successful real mg of silkworms 
m India up to the present time is inerel}* due to the comparatively 
short time which has elapsed since the introduction of infection 
and that, m the absence of effective measures for dealing with it. 
its future spread and expansion to dimensions similar to those 
attained in France m the middle of last century is only a matter 
of time" — a cleai expression of the opinion that pebrine in India 
is a ver}’ new disease. ' In the light of such views it is necessary to 
try to deteimine if pebiine is leall}’ a thing of recent introduction 
into India. 

The fact that pebrine' was not recognized as a definite disease in 
Bengal piioi to about 1875 is not to be wondeied at. lor it was not 
really propeily recognized anywliere until the rcseaiclies of Pasteur 
(1865-1870) gave a ceitam method of diagnosis — that is to say. the 
examination under the microscope of a portion of the body of the 
moth selected for seed production and the recognition of the presence 
or ahscncc of the spores of Nosema homhijcis It is tiue tliat the 
spores had heen seen some fifteen years eailier, and that Italian 
workers had paid some little attention to them in connection with 
then investigations into' .silkwoim diseases, but it was Pasteur who 
demonstrated conclusively the connection between pebrine and the 
” corpuscles ” — ^that is to say. the parasitic iintiue of the *' cor- 
puscles" — and showed how these could be used as a means of 
diagnosing the disease But although it was not until about 1870 
that the technique for diagnosing pcbimc with ceii aiut.}’ was evolved, 
there aie numeious indications in the eaiher wiitnigs on sericultuie 
that this disease was no new plague. Tii the treatise on sericultuie 
bj* Olivier de Serres, to which 1 have already I’eferied. and which 
was published in 1599, theie is very good evidence that a disease 
characteiizcd in part by the presence of spots on the skin wac in 
existence in those days. It was confused with giasseiie. it is true, 
hut as pebiiiie is the only knomi disease of silkworms that chaiac- 
teiistically shows this spotting of the skin, it is practically ceitam 
that we are here dealing with this disease as well as wit.h grasserie. 
Later works, such as those of Boissier de Sauvages (1763) and 
Dandolo (1818), give descriptions of various diseases in which spots 
on the skin aie cited as symptoms. It may therefore be fairly 



PtfiPORT ON THE DISEASES OE SlDKNVORAIS IN INDIA H 

safely assumed that pehriue has been in existence^ in Euroiie for 
over three hundred years. Indeed, Pasteur was inclined to ohe 
belief that certain serious epidemics which in the end of the 17th 
century, in 1750 and again in 17S0 threatened to exterminate the 
siUcworm in France had been outbreaks of pebrine. ^ i^ow if pebrine 
has been a recognized disease of silkworms ever since their intro- 
duction into Europe or at all events ever since men of intclliffence 
took a sufficient interest in sericulture to write treatises on it, is 
it likely that the East— the home of the silkworm— should be free 
from this disease ? To my mind the matter admits of no doubt : 
pebrine is no more a new disease in the East than it is in the West. 
The fact that we have no early records of it in the East is not to be 
wondered at. for there are no UTitmgs of any such description on 
sericulture m India. The work was and is in the hands of illiterate 
peasants, and the mind of the educated and intelligent inhabitant of 
the country does not at present and doubtless did not in the past 
run, as a rule, to biological investigations. 

But even for the Far East we have direct evidence that pebrine 
was 111 existence at least ten years earlier than 1875. Pasteur showed 
that seed got from Japan in 1865 was infected with the disease. 
tSo the Far East was not really free from pebrine, although J apan 
had had that reputation ; it required only a careful examination of 
their stock to find it tainted. The worms of the Near and Middle 
East had by that date shown themselves to be highly diseosed. Is 
it likely that India out of all countries in the world should be free ? 
The idea is preposterous. 

But indeed actual evidence oi the presence of pebrine in India 
prior to 1875 is not wanting. In a paper by Captain Hutton dated 
November 1859 (See Gcoghegan, 1880, page 113), the description 
given of diseased “Boro poloo eggs is obviously that of a pebrinised 
laying. On the same page, too, mention is made of the “ black 
spots appearing at the junction of the anuiilafions of the body. ' 
A disease m Mysore which was described as “ a sort of atrophy ” 
in 1860 was also doubtlessly pebrine. 

Significant, if indirect, e’ludence of the comparative antiquitj’ of 
pebrine is found in the history of the causal organism. As will be 
seen below, this organism, Nosema lomhifois, is a member of an order 
'which characteristically parasitises insects. As far back as 1851, 
when the group first began to be studied, all sorts of insects includ- 
ing several caterpUlars, were found to be infected with the same 
or very nearly related parasites. Here then we have a well defined 
group of parasites commonly found in insects, and it is actually 
claimed that the fact that it was not noticed in silkworms in India 
prior to’ 1875 proves that it has been introduced ” in the country 

B 
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ft a1)ont tliis time. To tlie credit of N. G. Mulverji be it noted that 
lie did not believe pebriuc to be a recent introduction, for be says 
" that the plague lias sjiiead tlirougboiit the world during the last 
5ii years docs not seem to be due to the spread of the geims connected 
with it fium one couutiy to another.'* lie evidently recognized that 
the goiin of the disease was m India all the time, but thought tliat 
only about ISTo ii. began to cause disease. He blames domestication 
for rendering the silkivoim inoie .susceptible to the disease but as 
sill'.wonns weie domesticated in the East many centuries ago I should 
have thought that the clisea'-e might jiossibly have made its appear- 
ance pnoi 10 1875. if it is admitted that the causal organism was 
in the worms all tlie time. 

1 believe we aic justified m stating the matter in this tray. 
Many lusceis aic infected w'lth a jiaiasitc belonging to the order 
Jlicrosporulio. Like the huge majoiity of parasites these organisms 
do not damage their hosts under oicbnniy conditions. If. however, 
conditions are changed these parasites aie liable to cause injury to 
the insect atlacljcd. In the wild state or under natural and normal 
conditions there is a lialancc maintained between all livmg organ- 
isms and 60 between host and parasite. Upset the ordinaiy 
conditions m any ivay. and m every likelihood that delicately 
adjusted bnlaiico will be destroyed and disaster will result, usually 
to the host. Silkwoims, in the wild state, like so many other 
insects, harbouied a parasite, Nosenm hornhyci^. When they were 
domesticated they brought their paiasite with them into men's 
houses There tlie conditions were somewhat diflerent from out m 
the wild, though probably at first the woims rvere reared under very 
much more natural conditions than they are at present Thus br* 
domestical iou Ibcir balance of hfe iras interfered with. Doubtless 
the worm became less strong, less resistant : the conditions under 
which they lived tended to make the infection of the worm by the 
parasite easier. In this way a normal harmless parasite became a 
diEease-ceu';iug j)arasite. As domestication was probably gradual — 
indeed in China to-day sillcwomrs are sometimes reared m the 
open — no r erj" serious results of the disease were noted as long as 
rearhig w'as done on a very small scale. As soon as larger learmgs 
were attempted — as soon as rearers in any way tried to force the 
worms — then disaster followed. 

The only thoroughly studied epidemic of pebrme — that m Europe 
between J SoO and 1870 — show's clearly that the most probable cause 
of the plague was the large icaiiugs which iveie attempted about 
1850 Thus while the average French crop in the years ISil-io 
was 17,000.000 kilogrammes, m the following five years it rose to 
21 000.000 and in 1853 it w'as actually 20.000,000. In attempting 
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to rear half as worms again as 10 years previously, \Yithout 

any proportional increase of accommodatiion, the indusirj v as oa er- 
taken with disaster. The parasite, always present in some worms, 
increased to an appalling extent, destroying the worms wholesale, 
and the industry came near to perishing. This is llie only detailed 
account, as I have said, of a pebrine epidemic, but it is interesting 
to note that Lefroy (1916) in Ms report draws attention to the 
fact that “ pebrine is supposed to have become serious about the 
time (1875) that prices were falling heavily ” : when this occurred 
“ the rearer strives to cut down expense, and to increase his 
brood.” ” I think we may assume that the rearer, in the 3 ’ears 
of falling prices, probabl}'" brought out the pebrine epidemic 
by bad feeding and directly brought on tlie condition that ruled 
V for some 3 'cars.” That, I believe, is a true statement of the 
case. Pebrine is nothing new, but under ordinary conditions the 
parasite does not assert itself so that its presence is overlooked. 
As soon as the rearer deviates in the slightest from the best practice 
of rearing, the parasite goes ahead, and an outbreak of pebrine is 
the result. 

I have somewhat insisted on this point because it seems to me 
that in India there has been a tendenc 3 " to look upon pebrine as 
something new, and as such something that may at an}' moment 
assume very serious proportions. This view appears to* me quite 
wrong. The disease is not a new one, and under the present Indian 
conditions it is not likely to become' any worse than it has been 
during the past forty-six years — ^the period fixed b}' Mukerji since 
its assumed appearance in Bengal — or during the uulcuown and 
unnumbered years that have passed since its actual origin. There 
is no call for alarmist statements. The parasite of the disease is 
present in India and probabl}' has been for a ver}' long time. In 
the past it has probabl 3 ' — almost certainl 3 ' about 1875 — assumed 
epidemic form when economic conditions were such as to induce the 
rearers to depart from their customaij practices, and in the future 
it is likely to behave in the same way. As we shall see later, they 
have a worm to rear that is very hardy and is accustomed to 1 he 
minimum amount of food. The}' cannot well under-feed or over- 
crowd more than the}' do at present, so that on the whole it is 
probable that things will remain much as they arc. Ilearino condi- 
tions will stay the same, so. that the balance which has been 
established between parasite and host will not be greatly disturbed, 
and we are not lilcely therefore to have any serious outbreak : it is 
not to be expected that its future spread and expansion to dimen- 
sions similar to those attained in France in the middle of last cent-urv 
is only a matter of time.'* AATiile wishing to stop once and for all 
exaggerated ideas about pebrine, I do not intend to minimize the 
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seriousness of the disease Where no measures are taken to cope 
with it. it causes great loss and it is undoubtedly a serious menace 
to the success of sericulture in this country ; but it is this constant 
and real lessening of the silk yield through pebrine that is to be 
feared and guarded against rather than some problematical epidemic 
of the future. 

History and life-history of the causal organism. The 
disease pebrine is caused by a protozoan parasite belonging to the 
order Miorospondia of the subclass Ifeospondia of the class Sporozoa. 
The large class of the Sporozoa are nuthoiit exception parasites, and 
the order Microsporidia are pre-emmenlty parasites of Arthropods, 
that IS to say of Insects and Crustacea The organisms bclougmg 
to this order were first discovered during the investigations mto the 
terrible epidemic of pebrine that siveiit through the silk-rearing 
districts of Euro^ie and the Near East between 1S50 and 1870. It 
is to Leydig and Balbiani that we owe the first really scientific 
investigations of tliis group. These workers discovered parasites of 
this Older not only in sillnvorms hut in other cotea’pillars, in beetles, 
in crane flies, in bees, in scale insects, in spiders and in water-fleas 
(a small crustacean). More recently, members of this same order 
have been describedfrom the river crayfish and from some fish such as 
the flounder and the stickleback as well as from many other insects 
than those named above. The Microsporidia are thus not by any 
nieaus a very small group of parasites, nor are they of very recent 
diocovery. They are characterized by the production of nimiite oval 
spores of a somewhat peculiar roustiiiction In the genus Nosema, 
to which the pebrine organism belong'^- each oigauism produces only 
one spore, the other genera in the oi’rler producing moie than one 
spore per individual. Before proceeding to the description of 
Nosetna bomhfcjs and its hfe-history. it may be mentioned that 
another species in tlie same genus Nosema (ipis. a well laiown 
paiasite of bees, was at one tmie supposed to cause the Isle 
of Wight bee disease, but is now known not to be responsible 
for this temble pest causing only a mild form of siclmess — 
Nosema disease — ^irith ver)^ low morlalit}" (White. 1919). It is 
an interesting pouit, however, that the’ only two insects really 
domesticated by men should be infected by' such closel}’ i elated 
parasites 

111 describmg the life-history of IVosem/y homhijcis I do not propose 
to enter into any scientific details reg.-irding its develo]>ment. I 
want merely to give a general outline which may be of use and of 
interest to those engaged in sericultuio in India. For details see 
StempeU (1909) and Kudo (1916). 

The spore, which has been mentioned above, is the most suitable 
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^nint in the life-histoiT at trhich to start oni description, os itHs 
by means o£ the spore that infection is spread in the ordinal) nay. 



T«.\l-figu'’c A. Dja^rani of tlio lifo-liihtoiy of A"osi.«i(i ^lodified "'imowlinl fiom, 

StcmpcH and Miuclim 

(1) Itipc ‘•prirc with girdk* of Ining FiUlistancc with nuclei, tno vnouolc*. and jiolar ea)'«ulf 
(2) I’olni fdaintnt c' trade d , jilanont aliout to Icao ‘•poK' can' (3) Planonl vitli fiiijitj 
Bpoic cahc and pnlai filament iiumcdiatciv after leaMii:; apore ca'ic. (i) I’lanont \iilli oiio 
nuclcu*- (j) Fu'-mii of two plammt'i oi division, (C) I'lu'ionl aliont to enter pnt-Mnll cell. 
(7) iticiont in pil-a.ill cell (S) — (11) Dnisirm of muont into tao uithm pat-wall cell, 
(12) — {lJ)rmtiiL'r diMsion* ofmeront, (15) 3Ier<inl rendj to foim tpoio (Iti) I'liat Flacc 
m fiiiorcfoimation — one mam and three ‘m1is!dini\ nuclei and one vaeiiole formed. (17) I'urtlier 
htago m spore formation — thick spoic-casc secictcd, two vacuoles and polar capiule. 
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ilie polar filaments are not sliot out. Some workers claim lo ha'^e 
secured emergence of the filament liy treating spoi’es in Ibis way 
with digestive juice, but I liave not found it possilile under (jrdinary 
experimental conditions. 

Suppose now that a sill^wonn has by some chance eaten leaf 
contaminated with spores and these spores have reached the gut 
of the worm and shot out their polar filaments. The next thing to 
liappen is for the contents of the spores to creep out of the spore 
cases. We have already noted the spore contents in the stained 
specimen as forming a. ring round the inside ol the spore case and 
containing two nuclei. When t.liis little mass of living matter 
makes its waj’ out of the spore, through the hole through winch the 
polar filament shot, it is seen as an exceedingly minute, somewhat, 
irregularly shaped body about 2 (a in diameter il it were measured 
in a somewhat rounded up condition (Text-fig. A, 3-G : and Plate 
III, figs. 5 and (5). Of course such a tiny organism as this cannot be 
studied except under high powers of the microscope and alter having 
been specially stained so that one can distinguish it from its 
surroundings. But even with the greatest care it is only with 
difficulty that the belia.viour and structure of thi.<; body can be 
observed, and therefore our knowledge of it is not nearly so complete 



Toxt-liguic B Diagram of crom-iicotioii of catcriHllar. 
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one. so tliat two planonts give rise to one. A discussion of this point, 
however, is of too pure!)’ scientific interest to occupy us here 
(Test-fig. A, 3-6). 

When the planont — ^iiow to he known as a nieront — settles down 
in the gut-wall it at once commences to divide. The nucleus first 
divides into two and then the body surrounding the two nuclei 
divides so that we get two organisms exactly like the original, only 
smaller (Text-fig. A, 7-11). These meronts go on dividing with 
great rapidity until the cell which the original planoiit entered 
becomes full of meronts (Text-fig. A. 12-14). It is not certainly 
known what causes the meronts to stop dividing — it may bo lack 
of food or lack of space, some outside stimulus or it may be some 
internal stimulus which determines when multiplication shall slop.*''- 
Whatever may he the cause, a stage in the development of Kosema 
Comes when the meronts stop dividing. They do not spread to 
surrounding yells or tissues : they seem to remain in the cell in 
which the original planonl came of rest. 

The meronts now proceed to turn into spores, each meiont 
forming one spore. A meront is round to oval in shape and has a 
single nucleus. When it is about to become converted into a sjiore 
It becomes a definite longish oval and a vacuole appears at one end 
(Text-fig. A, 15-16). The nucleus undeigoes a series of divisions 
which need not be gone into here, and finally the thick spore-wall 
is secreted round the meront (Text-fig. A. 17). A second vacuole 
develops at the opposite end to the first one and 1 he living substance, 
containing two^ main nuclei and several— up to 5— subsidiary 
ones, forms a girdle round the inside of the spore-case. We have 
then got back to Avhat we started from — a ripe spore. 

If the spore remained where it was formed it woulcl not do much 
harm, nor would it accomplish much towards the multiplication ol 
the parasites either inside or outside the cateipillar’s body. The 
function of the spore in all the Sporozoa is to hand on the infection 
from one host to another. The thick spore-case is a proteci ion 
against the drying up of the living contents while the spore is exposed 
to uufavoiu'able conditions outside the body of the host in which 
it u as produced. What then is the fate of the spore after it Jias 
been formed in the cell of the gut-wall of the caterpillar ? If wc 
were dealing with a very heavily diseased caterpillar there woulcl 
be the possibility of its dying and the spores being set free bv the 
decomposition of the body, but in the vast maiorirt' of cases thi" 
may not happen. How then are the ^spores to reach the out.-^idc 
and infect, a fresh caterpillar 1 In order to understand this wc inn.st 

Ab bpoiu-, and dividing nicronls inav In- n’On mtlio t.anu‘ ci 11 n'lnft- ITT nn.i \ it i IT 

tLis. it 
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undprstiind a little about the worlciiig of the gut-u'all cells and the 
peritrophic membrane. These cells are connmially budding off 
portions mto the spacp bet.^veen the gufc-Tvall and the peritrophic 
membrane (Plates III and VIT. figs. 3 and 1). These buds aie 
supposed to be the bearers of the digestive juice produced by the 
gut-wall. When a cell is infected with Koscma it continues to bud 
off portions although ver}’ probably the production of the digestive 
I nice is seriously interfered with. Thus the spores produced in a 
cell of the gut-wall may ultimately be shed into the space betueen 
the gut- wall and the peritrophic membrane in one- of the digestive 
jUice buds. Xow the peiitrophic membrane is a delicate tube 
aitached to the gut-wall by its anterior end at the Imc of junction 
betvreen the foie and mid gut (Text-figs B and G) It hangs 
fieely in the lower part of the gut so that the spores hberatetl into 
the space between the gut-wall and the peritrophic membrane can 
pass down this space to the rectum — or that part of the gut where 
the jEcces are foimed There they become stuck to the onisich of 
the fajcal mass as a rule aud so pass out of the bod}'. When a 
caterpillar is very heavily infected with pebrme and when the 
infection has been running for some time, the peritrophic membrane 
becomes very imperfect and full of holes so that the spores shed 
into the gut get mixed with the undigested leaf and so passed to the 
exteiior mixed with the dejecta, but m the early stages of infection 
the peritrophic membrane is intact and the spores cannot and do 
nntpass through it but reach the outsirle as has been described above. 

So much then for a rough outline of the development of i\ osenin 
boiiibi/cjs inside the gut of a silkworm. If the original infection 
ended with the transformation of the meronts into spores the 
parasite would never be the ternble plague that it can be. Even 
if hundreds of spores were eaten by a caterpillar only a relatively 
slight infection would result, for not all the spores dehisce in the 
gut and not all the planonts manage to reach the gut-wall. Thus 
oiiU’ at most, say, a few hundred gut-wall cells would get infected, 
and as Ave have noted infection docs not spread diiectly from oue 
cell to another. This would be the limit to the infection unless 
the worm Avas constantly being reinfected. But this is not so : 
once a caterpillar is infected the infection spreads inside the cater- 
pillar. How is this effected ? It is obAuous that Achat is knoAvn 
as auto-infection must occur, and careful inA'estigalion shoAVS that 
this actually does occur " The spores AAhich are shed from the gu^ 
wall cells into the space between the gut-AA'all and the peritrophic 
membrane may be ripe and ready to dehisce, in which case the 
necessary stimulus is present in the digestive juice, the spores shoot 


* Ste Kudo flOlfi) on the subject of nuto-jnfcction 
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out their polai filaments and the planonts issue from tlie spore> 
cases and attack the gut cells. Tins is the stage, I |jelievc, AAhen 
tissues and organs outside the gut get mfected. Ihe planonts 
uhich escape into the lumen of the gut at this stage do not liave to 
penetrate the peritrophic membrane in order to reach the gut-wall. 
They are already in close contact with the cells of the gut. ^They 
thus readily penetrate the gut-wall, and they have sufficient initial 
energy— since it was not used up in traversing the peritrophic 
membrane — to enable them to make their way through the basal 
membrane and so into the cavities (htEinocofile) round the gut whence 
they can attack the different tissues and organs that lie in these 
spaces (Text-figs. B and C). Of course some planonts as before 
settle in the gut-wall cells. When these planonts come to rest, 
be it in the gut- wall, in the silk-gland, or in fat-body, the}’ repeat 
the history we have already outlined : they multiply abundantly, 
lormiiig nests of ineronts which finally change into spores. 


Now the reproductive organs lie in the hjemoccele, and therefore 
when planonts of Nosema hoinbycis enter this space these important 
organs may become inieoted. It is in this way that pebrine is an 
inherited disease. The sperms or “ male seed ” are not liable to be 
attacked : the testis, or organ which produces the sperms, may be 
infected, but the sperms themselves are either too tiny or are in 
some other way imsuitable, for I have never observed any disease 
in them or in the colls that produce them even when the surrounding 
tissues of the testes were heavily infected. The eggs, too, are not 
easily infected except in the young stages ; the protective envelopes 
that surround the eggs develop fau’ly early and the planont cannot 
penetrate these, while the chance of a planont entering the micropyle 
of the egg is very remote. In the early stages of development, 
however— those stages which are passed in the catei’pillar and early 
pupa — infection can and does take place. 


Difficulty of observation here makes one cautious and the follow- 
ing statement must be regarded as only approximately correct and 
complete. On entering an egg the planont docs not develop so 
rapidly as in other tissues. It seems either to lie dormant or almost 
at once forms spores • possibly the food substances present in the 
egg at this stage are not readily available and the parasite cannot 
obtain the required nourishment. The parasite is not, so far as 
my experience goes, found in any numbers in unlaid eggs ; ihe most 
heavily infected pupju can be searched with the greatest care without 
finding more than the very slightest infection in the eggs. After 
the eggs have been fertilized and laid, however, and once the eggs 
start developing, the parasite goes ahead for a time. It is probable, 
I thinlc, that when the yolk of the egg is being made available for 
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application of the above life-history and sec in actual practice how 
much infection is actual^ picked up by healthy worms in disease- 
infected houses, what the serious sources of infection are, what the 
duration of infection is, what means can be used to prevent infection 
and so on. But before turning to those questions there is one small 
point in connection with the above life-history that may be noted 
— the time in which the cycle can be completed, the life-cycle 
being from planont to spore. 

In N. G. Mulcerji's “ Handbook of Sericulture ” the portion 
dealing with diseases is someu hat imperfect and misleading — ^partly 
because in the day when it was written our knowledge of the subject 
was very rudimentary, but also because there is a considerable 
amount of faulty observation in it. The account of the develop- 
ment IS veiy far from correct, but the most serious mistake is the 
amazing statement that “ it takes about 20 days for the germs of 
pebrme to attain the corpuscular shape.” The truth of the matter 
is that spores are formed in large numbers in an incredibly short 
space of time.'' Some worms fed vdih spores on the first of Septeu)- 
ber and killed on the fifth had their gut-wall cells full of spores as 
well as developing mcronts, that is to say four days after infection 
spores had been formed in large numbers (Plate* \’TI, fig. 2). In 
colder weather development is slower, but spores con always be 
found a week at longest after infection — of course they mav not be 
numerous, that depends on the amount of the original infection. It 
is important to recognize clearly the rapidity of sj)ore formation 
under ordinary conditions because much has been made of the neces- 
sity for delaymg moth examination until the last possible moment. 
This, I believe, is not so extremely important as is thought, for 
owing to the rapidity of spore formation it is certain that if the 
worms were infected— and it is of course only the worms that can be 
infected— by the time the pupal stage has been gone through and 
the moth cuts out there will be a large number ot spores present in 
the body. Indeed if, one examines a large number of pupae from 
infected worms one will see that spores are abundant but mcronts 
are on the whole much less common. Thus when the moths emerge 
if they are infected they ought to have sufficient spores present in 
their gut and other organs to show the infection easily. The pupal 
period is at shortest a week, so that if a caterpillar were infected on 
the day before spinning theie would be ample time for the meronts 
to turn into spores before the moth emerged. 

Amount of disease in India, It would seem to be the obvious 
thing m any inguiiy into a d isease of this kind to institute a census 

• Slempull found tpore fonn-ition after tlmo d.ijs 
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of flisea^'C. It IS useless depending entirely’ for evidence on rearer? 
and others connected with silkworm-rearing. It is to me amaziiit^ 
that so much has been written about the amount of disease present 
in the silkworm m India and so little has actually been done to find 
out the truth. I have endeavoured to take a census which was 
conducted as follows. Cocoons were collected from various nm-- 
series and villages and forwarded to me. When the moths cut out, 
they were examined and the amount of disease was in this way 
directly discovered The details of this investigation aie given m 
Appendix I . some of the results as regards pebrinc are given below. 
The results thus got were checked in two ways : (]) b}’ questioning 
piofessional rearers from vaiious parts of Bengal and (2) fiom the 
personal observations of myself and my assistants while louring at 
different times m the different silk districts of India The ansv ers 
given to my inquiries from the piofessional rearers aie given ni 
Appendix II A general statement of the opinions expressed on 
pebrine will be given later, after the facts elicited by the first census 
are discussed. 

The first sample of cocoons received gave most interesting and 
most typical findings. Theie were four lots— tiuee of Chhotapolu 
and one of Nistaii — and all that was known about them was that 
they had been reared in some villages near Berhampore in Bengal. 
The cocoons were all of poor qualit}* and the Nistari weie no better 
than the Chhotapolu, On examination the Chhotapolu were found 
to be practically 100 per cent, diseased — one lot was 99 per cent. — 
while the Kista'ri showed only 3 per cent, disease. Inquiries were 
then made as to the origin of the seed used in producing the cocoons 
and it was found that the Histan were from niu’sery seed while the 
Chhotapolu were from village seed — traced back as village seed for 
three generations {See Appendix I A, lot 1 ; and I B. lots 1—3). 

And this is what has been found all through. When unexamined 
seed is used, heavy infections of Ko&ana are always got (Appendix 
] A. lots 17 and 19 : and I B, lots J — 4). In this connection the 
hybrids in Appendix I C, lots 1 — 5. are most interesting. Thc'-c 
weie reaicd imdei' exceptionally favourable conditions — they are not 
lillage seed — and yet the percentage of disease is veiv high. The 
miiseiy stock has been singularlv free fiom disease and the cocoons 
1 eared from nursery seed arc also very satisfactoiy (Appendix I A 
lots 1. 5 — 7 : and 1 B. lot 5). 

In Appendices I G and IF,! publish extracts fiom thegraiuage 
legisters of the j\rysoie Department of Seiicullure — by the kind 
permission of the Supernitcndenl — and of Berhampore Ccntinl 
Nuiscry — by the kind permission of the Deputy Director of Seii- 
cultiure, Bengal. The former of these is very iutcrestmg ns it con- 
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tniijS TGCords oi cxaiDiiiotioiis of seed icaicd l)y tli6 rvol*! tlieuifesl'' t'S. 
reared by Ibe rvots undei the supervision oi the deparlinent, and 
in the Government farms. The latter is a record of nursery stock 
alone. It will be found that Nosema homhfcis is always present in 
a greater or lesser degree — usually not more than 6 or S ]3er cent', as a 
rule, but sometimes, as in August 1910 mBerhamporc. rising as high 
as 10 to 20 per cent. I am indined to think that some oi those higliei 
percentages require an explanation : either there bas liecn a great 
deal of infection in the rearing houses or the examinations made 
of the parent moths have not been very careful. I am of tlic opinion 
that the latter is the true explanation, as I have lound by rearing 
very carefully examined seed in the Berhampore Central Nursery 
that little or no disease is picked up in the houses there (Appendix 
I A, lots 2 — 4, 10, 16 and 21). There is, however, obviously a per- 
centage — somewhere ranging between 2 and 6 per cent. — below 
which it seems to have been impossible so far to get infections of 
Nnsemn reduced in the nurseries. 

I believe this percentage represents the amount of Nosema infec- 
tion missed in the previous examination and not fresh infection 
picked up in the rearing houses It can hardly be called disease ” 
for it. has shown itself only in microscopic examination, and these 
moths are comparable in a way with the “ amoebic carrier ” — a 
person who may not have suffered from amoebic dysentciy yet shows 
the organism in his stools. Such a percentage of infection could, 
ot course, be eliminated or reduced to a completely negligible 
amount by very painstaking examinations. It is a question as to 
what will he profitable : a small percentage of Ko^emu infection at 
certain examination cost or a smaller percentage at an increased cost. 
In any case the amount of Nosenv' infection is not to be creath* 
dreaded, provided the seed is reared under reasonablv good^ condi- 
tions and for one generation only. 

In Pusa where experimental rearing has been goiug^on lor some 
time disease is practically non-existent. In hundreds of controls 
examined, the percentage of pebrine found is so small as t o be abso- 
lutely negligible (Appendix I D). 

Here then we have a considerable body of facts to go upon, and 
from these we can draw the following conclusions : 

1. In ordinary village slock pebrine is appallingly abundant. 

2. In carefully examined, carefully reared stock, sncli as has ))eDn 
used for expei imenting in Pusa and in Ivalimpong, disease is ijracii- 
cally entirely absent. 

3. In nursery stock there seems to be relatively little discase- 
al best none at all, at worst about S per cent. 



26 


IIEPOIIT (IX THr TIIs-EASrS OF SILK\VOriMS IN INDIA 

4 Til mii’herv stock reared in villages there is relatively very 
little disease. 

These are the results of our census and they are, I think, very 
encouraging. They jirove several things, but first and foremost tliat 
in sericulture in India, as elsewhere reasonably disease-free secdgivcs 
di'(ease-free worms and moths The method of seed examination in 
most of the nurseries m Bengal is not really good . the microscopic 
preparations are much too thick to enable one to see with an}* accu- 
racy if spores are present in small numbers. While this may be so, 
it IS doubtless much better now than it was a few years ago But 
when all is said and done. the Bengal nurseries have not merited all the 
criticisms thrown at them. They are at present producing seed which 
15 infinitely superior to ordmaiy village seed, and they have demons- 
trated that reasonably disease-free seed can be produced in the 
plains of India. In view of these facts I cannot altogether agree 
■with Professor Lefroy when he states in his report that “ Foi thirty 
years disease-free seed has been issued, but no disease-free race 
exists at present even. The scheme has manifestly failed.” Some- 
thing has been done, even if a condition of perfection has not been 
reached — this indeed was hardly to be expected. It is probable that 
improvement has only recently made itself evident, but improve- 
ment there is, and what is more important, it has been demonstiMted 
that, even with imperfect means, progress is possible. All praise 
is due to Mr. A C. Ghose, late Sujiermteiident of Sericulture, Bengal, 
lor what he has been able to accomplish in the Government nurseries. 
Much more reraaius to be done and it can be done better than it 
has been done, but pioneer work, such as he did, is always dilBcult, 
and credit for what has been accomplished must be given. 

Infinitely moie important, however, than any partial vindication 
ot the Government nursenes in Bengal, is the demonstration that 
disea-je-fice seed can be produced in India despite all drawbacks 
and that such seed when reaicd m villages picks up but little disease 
during one generation at least. 

Such arc the le-aiilts of our exammatioii of moths m the census 
L -t Us now ^sce what the general opinion of professional rearers is 
about disca^sG. Xatur.allv the statement's of these men arc rather 
v.igiie and ihcir experiences ditfer, but the lollowing generalizations 
horn the answers of the fifty odd men loughly represent I believe, 
the experience of the rearers Lo'^scs fiom* disease liave always 
occurred, about two hu<>fh failing out of ten, but tlniigh seem to be 
impiovmg on the whole, only one man — ^Xo. G, Appendix IT A — 
thinking that things at all events cocoons, 'lere worse now than 
previously and m Appendix II C seven out of 20 rearers say pebrme 
IS gelling more common. Other diseases are. hoiyever, complained 
about 
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The almost total failure o[lliejS’oveinbci- 193 0 humJ reared from 
Piasbari nurseiy seed is very remarkable (Appendix 13 A, leavers 
2. 3. 7, S ami 0). and. it is interesting. 1o note that this ivos mid to 
be due to the issue of unoxnmined oi badh' examined seed owing to 
some mist.ako on the part oi the nursery staff. The seed inu^i have 
been extraordinarily bad to give such bad results, and it make-' one 
■\voiidcr if the seed issued w'a« lonlly nnrserv seed at all. With the 
exception of this disastrous Kovcinber huvif, nursery socil .■'eeins to 
Jinve given satisfaction, the inaxinnim loss undci ordinary ciiennia- 
tances from this class of seed being generally eslhnated at Iroin 
to ^ of the crop, while village ‘seed ocea*5ii)nalIy gixes a total 
lost. On tlic whole then it semis to he t-Iie opinion ol })ioffS‘-ional 
rearer-s that pehriiic is not increasing and tliat nni-CTy ex.nnnu-d 
seed gives good results. As the result'^ corrcspmnl with those ol the 
census il inav be laken tliat they arc rensonablv aifiirate. 


In the course ol tours made in the silk dislnet^- voiy little disease 
of any sort has hocn found, and certainly no epirlmiu* of p(*hnne lias 
.been come across. In the (-oui.>«e of a lour in the iSupenn* 

teudent of Sericnllurc there told me of a veiy interesting efi«c of an 
onthreakofpcbrinelhatthevhad had whieh*Wi'slraeed t.oa mislake 
having been made in jmekina s'omc .ceed lor dlstrjlmiion — the 
rej/>cted seed having been sent out by mistake for the pn-.Jcil seed. 
In Kashmir one or iwn pebrini'-ed w'orins wen* fnniid in a loi. u-tired 
ivom Pronch exammeil sectl. On the whob, niiihn mv .-.ti'-t.tist-s 
nor myself luivc fotuid aiiv appreciable anvtum of di'^i-e’se eitlu » in 
Government nurseiies or in ieari'j‘>’'hoiiscs. 


Amount oi loss from pebrme. It is ]ii.'c:ti< eiiy nnp,i^.;iblc to 
huTii any idea of the adual los^oc that the i-Mrer-. .ml*- r from this 
disease. There are no i Cfords ol any furl on the .-ubiecl ,,n,l njn- Ini', 
to rely on the opinions oi ic.irers. t)ecM.-jonai!v one hf\.i> of ;• i.enl 
lo-- ‘■•Itch as that, which seeing to h.t’'c occnnvrl in .M.ilda t m 

the Xovember h>tiu’ oi On (iU'‘-’tionii)«j i]ie ii.ivi’ . ih'o 

tint 'jomeumo.s thev lo'^ii the whole (Ujp froin dna Inii :r .• nih- 
the loss is about “ 2 anna.-. Plic. ol (oiPfej-toTj, i.).., mal-l-Mths 
ainpng the catcrjnliars TJieie is, liotvevto, a veiv mtioh-' b).. in 
silk 111 cocoons spun by Jnjaiily j»elnim>..'d wovnv. ;tnd tin-' miM l.o 
added to the total. On the whole j tJiink it in, y bi c limctcl v ith 
all caution that t lie vilhigc renrci never goN nioic l]i..n 7." i, i ri'iii. 
ot his silk crop. If ho u.^of. ex.nnined »'Oi\ hi, i,-,nn dcetli 

among the ivnrms will probably bo dight but hi.‘. mu, one mav me 
much richer in silk, ow'ing to the nmlorf.-ubm. of tJ,o w.'mmi, 
iherc arc to many tiifli,i.^ lo fon'nh«r in writiini ol tlie >j|j, vifld - - 
disease IS only oinoi many. • In Bengal tlie i.-arLias'cmi to rcm-Mii;:,- 
that. nursery rieed^givcs better ciop.s, and in very ..tidviin- 
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less disease than the second generation. So that evidently the 
climate at rearing time is not of so much importance as the history 
of diseased generations behind them. 

Very interesting results were got in Cambodia by breeding from 
disease'd moths' progeny for several generations in succession 
{BvU. Econ. de rindo-CIiinet No. 308, 1914). It was found that 
the disease gradually diminished, and that after six generations bred 
always from diseased moths only U per cent, were diseased and these 
only slightly. It is certain that ra 3 *ing 8 of diseased moths can he 
reared successfully if the rearing is good, hut if they were subjected 
to ihe treatment meted out by the average rearer 1o Lis worms they 
would probabl}' not be so successful. In Pusa I reared diseased 
moths' progeny for three generations without the worms dying out. 
Then I selected healthy layings from those that had three gcucialions 
of disease behind llienii aud I found that they gave quite good 
results. Breeding from diseased slock for several generations "docs 
not seem to lead to any real weakening or degeneracy. 

It is in this way, T believe, that epidemics run their course. 
Soinethi'ng induces rearers to over-production, or in some way to 
p ill for liad rearing. Diseased moths are bred from and pebrine 
becomes rife, resulting gradually in almost the extinction of the 
worms in a district or country. Consequently production diops 
and the industry almost dies out. But probably the best rearers, 
who will be the most interested in the w'ork, go on. There are 
alu-ays a few healthy worms somew'here among the diseased ones as 
we have seen The diseased ones will gradually die out, and by 

ones will re-establish the race. 
Thus WG can understand why despite 2 icbr’iuc the race of silfcwoinis 
has persisted. 


The above lesults show how high a percentage of disca.se is to be 
attriljuted to hereditary infection, and they also show what a 
serious ^onrcc oi infection to healthy woiins even one or two 
layings ol highly diseased worms might be. 

V, HAT PERCENTAGE OP DISEASE IS PICKED UP IX HIGHLY JKPECTED 

SDRROCXDJXGS DY caterpillars from disease-free SI'H-.n ’ \Vc 
have seen lliat the percentage of disease usually found in worms 
reared from diseased seed in healthy surroundings is vci v liigh ■ a 

.0^ infection worms real ed from 
d sease-hec seed pick up m highly infective siuToundingP. In the 
fii-t instance an extreme senes was taken. A small htirha 

?oT"luBUmdf]n the floor, walls and 

root, dust made by crushing the bodies of highlv pebrinised motlis 

The lesultmg powder ^howed .about 60 spores in the field of n mie.! 

roscope fitted with a Leitz I objective and a No. 4 ovo-picce, ivoi ms 
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to be taken as a pendant to tLe rearing of worms in ilic artificially 
infected houses : they arc extreme cases unlilcely to be realized 
under ordinaiy conditions. Small bamboo trays such as the icaror 
uses were smeared with a mixture similar to that used in infecting 
the houses, only the dust was moistened with water m order to make 
it stick. The experiment was repeated six times (Experiment 5. 
Appendix 111). As a rule the amount of disease picked up uas 
very great, rising as high as 100 per cent, on one occasion. The 
lowest percentage of.disease was ]o‘8 and the average was over 50. 
There seems to be no doubt that the tray would prove a much 
more serious sourc e of infection than the house itself. 

The practice ol maniumg mulbeny land with silkwoim fasces 
might, it was thought, lead to the infection of the worms fed 
on the leaf from plants thus manured, if the fccces contained 
pehrine spores. The experiments — 3 in number — which wcic 
undertaken to test this idea were rather unexpected in their 
results, and I must confess that they do not api)oar to me to be 
altogether, trustworthy. Where the fault lies I am unable to deter- 
mine, and I give the findings — ^Experiment 6 Ajipendix III — with 
this ‘caution. The mateiial used m inlecliiig the plot was similar 
to what was used to infect the house and trays. Jt was certainly 
very heavily infective, but surely not .sufiicient to give a disease 
percentage oJ over 80 in two of the lots. The second lot gave a 
percentage ol iri disease and that is possible, althougli even in 
this ca.se it is ditlicult to understand how the leaves growing on the 
bushes some little distance above the ground could become con- 
tanimatcd sufficiently ix) produce even tin's amount of iiiiectioii. 
Ttis possible that in gathering the leavc.s they wcic laid on the gi oiind 
and thus got soiled with the pebrinised iiialciial used foi maiiuic. 

1 confess 1 expected to find only a vciy small amount of disease if ' 
any at all in the.se expcnnieiits. and 1 cannot believe that the poi- 
centages given cxpiess the actual amount oi infectivity. T'lint 
inlcctionwaspickedup. however, seems certain, but J raiinot under- 
stand the high degree. In view ol the rc.sult nf this experiment 
—doubtful though it. is to some extent — it cannot be wise to con- 
tinue manuring mulberry land with silkworm lu'ccs. 

Still another source of infection to be noted i.s di'cn.-cd uoims 
being reared along vitb honlthy stock A immbei of experimenib 
have been done in the past whicli .show that diseased calcrpilJaib 
are capable of .spreading the disease to healthy calcipillais uJicn 
the two are reared together. Most of tlicsc expciiracnfs, however 
have been done by feeding some calGipilInrs with spores and then 
mnyng.them with a healthy lot and the results have alwavs given a 
high percentage of disease. Two expeiiments of this type ai? given 
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in Experiment 7. lots 1 and 2. the result being that 100 per cent, 
disease was acquired in one case and 40 per cent m the other. It 
seemed to me, however, that perhaps the more normal soiu’ce of 
infection would be diseased moths’ progeny, and two experuneuts 
were tried to see what amount of infection would be picked up m 
tins way (Experiment 7, lots 3 and 4) First and second generation 
diseased moths’ progenies were mixed at hatching with disease-free 
worms On examining the moths from these rearmgs in the first 
experiment — where 2nd generation diseased moths’ progeny was 
used — the mixed lot gave 31*3 per cent disease while the control of 
the diseased laying gave IG per cent., showing that probably a fair 
amount of infection had been picked up. In the second expeiiment 
the mixed lot gave 11*3 per cent, while the control of the diseased 
laying gave 10 per cent., showing that relatively very little infection 
had been picked up b}’^ the healthy worms. These two experi- 
ments are obviously imperfect as in e.xamination it was impossible 
to distinguish which were diseased moths' progeny and which 
were from disease-free layings. This could only have been done 
by the caterpillars spinning different colours oi shapes of cocoon, 
and at the time none was available. However it seems clear 
that infection can be got fiom diseased moths’ progeny but not 
to a very great extent m a very small rearing. Keference may be 
again made to the experiments in rearers* houses (Appendix lA 
lots 12 and 15) where diseased moths’ progeny seem to have acted 
as a source from which disease-free moths' progenv got infected. 

There are other sources of infection such as air-borne spores and 
the clothes and hands of people coming from hou'-es where liighlv 
diseased rearings are found The former is certamlv an unimpor- 
tant source, and the second is well guaided against m this country 
as rearers object strongly to outsiders coming m and looking at 
their worms, especially when disease is aliout. Indeed so deep 
rooted is this feeling that it xioints to a past exxjeiieuce of highly 
contagious diseases extending back for a verv coiisidei able -time. 

How long does infection last * A large series of experi- 
ments on the length of life of pebrme spores is recorded by Hutchin- 
son (1920). The results are lathei uiegular and tlic conditions undei 
which the spores were kejit not noiraal — the raateiial being kept 
either continually moist oi continuall)’ dry — so that, they cannot 
altogether be accepted as showing what might hapjien under orJi- 
nny conditions On the whole they seem to show that when spores 
are kept dry they retain their vitality longer than when they are 
kept moist and that spoies kept in a dessicator may remain infec- 
tive for 5^ iiioiiths As. however, the atmosxihere of the majontj' 
of the silk-reaimg centres in India is not so totally free from moisture 
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as tliat inside a dessicatox tWs dgm’e need not cause excessive 
alarm. I attempted to reproduce actual conditions (1) by keeping 
the bodies of j)ebiTnised moths exposed to the air but protected from 
dust, etc., and feeding this to caterpillars at intervals of 2 and 3 
months , (2) b}*^ using infected IcuicJi'i houses and keeping Avorin.s 
in them until infection almost or completely slopped. Under 
normal conditions during the hot weather it seenns as if material 
remained infective for at least two inonlhs hutf not for tlirec 
(Experiments 8 and 9). In the rain.s. especially towards the latter 
part, the risk ol persistence of infection seems to he greatest — 
infection being got in a house nearly eleven weeks after it was 
infected (Experiment 9. lot 2b). As the cold weather comes on 
the infection in the house.s seems to be much less persistent. 
(Experiment 9, lot 3b). On the whole it must be taken that 
under normal conditions we must expect mat crial to remain infective 
for at least about three months — it may lie shorter lived* than 
this under .some conditions but it- is not safe to build on that. 
Unfortunately this period is just long enough as a i ule to carry 
on infection from one bmi'I to the next, so that the necessity ol 
devising some method of protecting Avorms from infection, by 
disinfection or otherwise, is ncccssaiy in India. In France it is 
now recognized. a,s indeed Pasteur jioiiited out long ago, that the 
long inteiwal between the rearing periods of the univollnie races 
mal:es disinfection ior pelirine more or less unnecessary. Unfor- 
tunately the himrh' of the multivoltme worm.s reared in India 
follow each other so closely that we cannot, afford to neglect all 
piecautions. If, however, a district that was licavily infected with 
pebrine could be given a six montlis* rest from rearing, that, would 
probably lie more cifcclivc than any disinfeolion. Unforlunately 
it. would hardly lie possible to do this. In ]va.shmir tlie rearers’ 
lioii.^es are never di.sinfected but pebrine is of no importance 
•there-iinivoltinc worm.s are u.sed. 

Methods of protecting worms from infection. If im- 
examiiied seed is used nothing will avail — il. would hardly be worth 
while to bother trying any disinfection or other prevent at ivemca.sures 
— but if good seed is used it is only, right to give it every possible 
chance and try to eliminate every outside source of infection, hoir- 
eyer slight it may lie. in every possible lashion. There arc several 
different methods by which one may attempt to protect, woims from 
infection. Tliese fall into three main divisions : — 

1. Direct protection from dust containing sjiores falling on the 
rearing trays and the woi-jils thcicon. 

2. Destruction of the spores in the rearing house by germicides. 

3. Increasing tlie natural resistance of the worms. 
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1. Paper covers. In one o£ tlie liiglily infected lutclm 
houses some ivorms iveie kept under a cover made from newspaper 
(Experiment 10). and it was found that although the woimsm the 
open trays gave 12 5 per cent, disease those under the cover were free 
from disease. The expermient was repeated with a similar result. 
Thus it would seem to be possible to protect worms by merely 
erecting a tent of old newspapers over them — by protecting them 
from any dust that might contain spoies of pebriue. 

2. Disinfectants. The most common method of destroymg 
infective germs is by using some germicide or by letting m the sun 
on them. The reaiers in this country have great faith m cow-dung 
in this connection, and indeed tlmre is a certain amount to be said 
for it. That it has any germicidal effect I do not believe 
(Experiment 13). but it serves to lay the dust — to fix the spores il 
there be any. to the floor, the tray or whatever is smeared with it, 
and m this way may help to preventthe spores getting from thefloor, 
etc. on to the food of the worms. The smoke from the domestic 
fire IS also claimed to be a good germicide. Moveable objects such 
as traj's m the rearing houses are usually exposed to the sun and it is 
reasonable to expect that this might have some effect. Experiments 
wei e designed t o t est this Some pebnmsed material was exposed to 
the sun for a whole clay and then led to caterpillars as leaf smears. 
The material exposed to the sun gave no disease, while the unsunned 
control 'gave 17 5 per cent, disease. Material kept in a closed 
wooden box, which was exposed to the sun, gave the same result as 
the material exposed directly to the sun (Experiment 11). Isexi 
two bamboo trays weie smeared with mfective material and one 
was exjiosed to the sun while the other w.as ke^jt in-doors This 
experiment was repeated five times (Experiment 12). On one 
occasion the sunned tray gave no disease while the imsumied one 
gave 15'S pei cent In the other eases the sunned trays gave consi- 
derably less disease than the unsunned one. On the whole piobably 
exposmg the liimitiue of the reaiing house to the sun is of some use 
and IS to be recommended. 

Solutions of copper sulphate of about J or 2 per cent strength 
weie long used as the standard dismfectants-in sericulture, but with- 
in recent years this has been abandoned in favour of a solution of 
" formalin ” in water. I understand that the Japanese use this, and 
the Fieucli senculturists, so long' wedded to copper sulphate, also 
have found forma ''dehyde more useful. I used three methods of 
te^-toug these genniciJes ; (1) mfective material in the foim of a 
powder was sprayed oi otherwise treated with the geimicides and the 
tieated mateiial was fed to worms . (2) trays and cages smeared with 
intective mateiial were treated with the geimicides and then cater- 
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pillars were reared in them ; {‘i)hitclia houses were heavily infeeted. 
and after being disinfected they were used for rearing worms in The 
results ot these experiments will be found in Experiments 13-15. 
On the whole formalin, in the form of a 1 per cent, aqueous solution, 
was the most cfficientj but it did not seem to l:ill all spores. In the 
infected houses it showed up very well, but when sprayed on material 
which was afterwards fed to worms it was evidently not so cflectivc. 
Stronger solutions or heavier spraying of course "produced an im- 
provement. Copper sulphate was not of much use. On the whole 
while the disinfection expernnents were not very conclusive, thev 
indicate that for routine disinfection 1 per cent, formalin in water-^ 
i.e.. one part of formalin (40 per cent, formaldehyde) in 100 parts of 
water — would probabl)' be useful. If one were disinfecting after 
an outbreak ot disease, however, the stiongest solution that can be 
afforded should be used — say, anyilnng from 2 to 5 pans in 100 
parts of water. Liine-wasli altboiigli bnrdly a germicide, is to be 
recommended as it serves to lay the dust 'where it is applied 
forming a skin over everything. Furniture that can be inoved 
outside should first be well washed in 2 per cent, foimahn and then 
after about an hour put out in the sun for at least a dav. loncer if 
possible. Particular attention sboiilcl be paid to the ti a v..— indeed 
after an epidemic these should be burned. 

_ 3. Heightening upiSTANCE to disease. The que.stion oi the 
lieightenmg of the resistance of any animal to prolo/oal infection 
IS a very thorny one. and one on which there is no fixed ojiinion. Jt 
mav be useful, however, to pay some little atleniiou to it here. 

Let -us look first- at some general considerations. *A1I livino 
fo S 9 Die extent lesistance against parnsrur 
attacks. ilu.s resistance is known as natural immunilv, Tlicrc i> t 
second kind of iinmumty distnigiuslipd— acquired iinmunilv. That 
IS to say. after an Rttack ol certain disease.'^ u.suallv bartcrhi] 

^ ^Itacked. if it survives is immune to luuher 
attack, &omehttleprogre.^«<ha.slleenlnadonlthcstudvoiilnlnunitv 
111 mail and the higher vertebrates but practicallv notJinm wliatM-;. 
e^er is known about immunity in inveriebratcs. and ii is itovcr u-jsp 
to argue that because ceitain t.hing.s arc .-^n. sav. in man thev will 
necessarily be ih, same. saA . in inicel.s. Then aoain cA^n hi 
tie lesistance phenomena that- hai'c been studied hearlv all relate to 

is hS 
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While acquired immunity is^ of the greatest importance in the 
study of disease in the higher animals, it does not come into ques- 
tion at all in connection until silkworms. So far as we know, once 
a caterpillar is infected with iiebrine. it continues infected until 
it dies — it does not recover and remain immune to further attacks 
We have therefore only to deal with natural immunity. 

In order to understand immunity one must know what injmy 
the animal concerned has to jirotect itself against and how the protec- 
tion is achieved. Parasites cause hurt to their hosts in several 
diffeient ways which may he grouped in foin main classes: — 
(1) Mechanical or the destruction of cells and tissues invaded by the 
parasite , (2) the “ digestion of the tissues of the host bj’ the para- 
site , (3) the lessening of the normal food siippl}' of the host by the 
j)arasite absorbing its food either from the digested food in the gut 
or from the food absorbed by the gut and distiibiited to the various 
tissues ; (4) the jiroduction of waste products — toxins — which are 
poisonous to the host. The ways in which an animal, on the other 
hand, resists jiarasitic attacks aie more subtle and difficult to detei- 
mme but there seem to be certain very definite defences in the animal 
body. In addition to such obvious pioiection as, for example, 
the impervious skin and the action of the digestive juices afford, 
there are the active and very efficient wandering cells or phagocytes 
— minute freely moving cells capable of being hinried by the blood 
stream to any point attacked by paiasites and there actuall)’ assail- 
ing the invaders, and if these are small enough taking them inside 
their bodies and digesting them or causing sloughs of infected tissue 
to be thrown off. Still more elusive but extremely potent defences 
are afforded by the germicidal power of blood and the ability of 
animals to produce substances — anti-toxms—which m some way 
neutralize the jioisouous waste products of certain parasites — the 
toxins Other means of defence there aie. but enough has been 
given to show that animals aie by no means powerless against 
attack 

We must here, however, stop to note an important featuie of 
paiasitism, remembeimg that we aie dealing at present not with 
bacteria but ATith23rotozoa. namely, that the huge majority of -para- 
sites do relatively little injuiy to the animal in Avhich they live and 
consequently the Avhole army of animal defences is not airayed for 
their destruction. The efficient parasite is one which causes as 
little lujury to its host as jiossible — it is one which in the long course 
of time has arrived at a modus vivcnd, ivitli its host AVhen a 
parasite jiroduces toxins that are fatal to the host or rajndl)’ des- 
troys large areas of tissues ivith fatal results, it is a clear sign that 
either the parasite and host are comiiaratively new to one another. 
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or that some new conditions have npset the normal balance which 
the twcT'had established. 


jSTow with these feAv general points in mind we may try to exaniine 
some of the features of the resistance of silkworms to Nosema. 
attack. In the first place, what is the kind of injury caused to the 
caterpillar by the parasite ? If one feeds caterpillars heavily on 
pebrine spores and after a few days examines them, they will show 
almost certainly no outward sign of disease, and yet when they are 
killed and their organs carefully examined it will be found that a 
caterpillar may have thousands of cells in the gut-wall jiacked with 
meronts and spores — half the gut may be infected — (Plates III and 
VII. figs. 3 and 2), while other organs of the bod}* such as the nerve- 
chord, the excretory tubes (Malpighian tubes) and the silk-gland 
may also be seriously attacked. The parasites maj’ be present 
in countless numbers, so that one at first cannot hnderstand how 
the caterpillar could live for a dav — much less be apparently 
quite well. The only and obvious inference from this observation 
is that at all events no toxin is being produced by the parasite; 
or to put It more cautiously, that the w^aste products of the 
parasite are not particularly deleterious to the cnteipillar. It 
seems possible, as has been already mentioned, that the planont, 
at all events, produces some digestive ferment wliich helps it to 
make its way tlnough the perilrophic membrane ami through 
the gut-wall cells or other parts of ibe body, and some workers 
ha^ e supposed that the meronts also produce a ferment which 
helps them to break down the conteiil.s of the cell in which they 
live. The enzyme produced hy the mcront, however, must be 
very weak, as it does not enable it to break down the wall of the 
cell m which it is multiplying and so spread from one cell to 
another. On the whole it must be admitted tlial . whatever ferments 
are secreted or waste products excreted bv' iVo.scMiri hombmis, 
they do singularly little haim to the silkworm. 


Hou then does the parasite cause the disease pebriiic ? It 
seems certain the damage caused is chiefly due to the first and third 
causes given above—mechamcal injury and lessening of food supplv. 
ihe gut-wall cells invaded are prevented fiom producing digestive 
juice and also from absorbing food by the great- mass ol parasites 
Yiicli fill them, and the jiarasites further absorb their food from the 
sheltering cell and so still lurther rob the host of its food (Plate III, 
hg. 3). Thus arises the typical symptom of pebrine, nnmclv, the 

["-"pwly 'lisestcfl >io. can (hey 
ffJtV i (ligested. Tho exci-elnn- tnhos mnv l.c 

attacked and the cells m them prevented from functioning so that 
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the -u’aste products of the caterpillar’s body are not efficiently 
removed, and the animal becomes sluggish and its grovth is still 
hirther interiered with. The silk-gland (Plate 11, fig. 1) may be so 
injured that the silk-secreting cells do not produce silk m an}' 
quantity and no cocoon or a very flimsy cocoon will result In this 
Avay can be explained some of the most typical S3'mptoms of the 
disease. 

H^e may take it then that the caterpillar has not to cope with any 
very poisonous toxins jnocluced by Ko'^cma. but there remains the 
fact of the very serious mechanical injmy and gradual starvation 
which the worm has to undergo. Does tlie caterpillar have any 
means of resisting this ? In the first instance the infection of tlie 
caterpillar seems to be relatively easily effected. That is to say, the 
spores of Kosema homhycis if ingested by the worm, “hatch-out*’ 
111 the gut and the planonts readily penetrate the gut-wall. So 
for from pieveiitmg infection the digestive juice of the caterpillar 
actually is the stimulus which causes the spores to dehisce. It has 
been suggested that sqine disturbance of the gut, such as increased 
acidity, may be necessar}- before spores can dehisce, but I cannot 
find any proof of this. A normal caterpillar has a very allcaliiie 
gut — tested by Clark and Lub's indicators it gives deep bine with 
thymol blue (pH =9 8) — Jameson and Atkins (1921) If a cater- 
pillar from a batch with this highly alkaline, or normal, gut be fed 
with spores, the spoies will dehisce and the caterpillar will become 
infected with pebriue. Further, exactly the same degree of alkalinity 
IS got (pH =(> 8) in a heavily pebimised caterpillar, whose gut is full 
of sijores and in which, be it remembered, auto-infect-ion is going on 
that is to say, spores are dehisemg and planonts entering the gut- 
wall The normal gut is perfectly fitted lor receiving infection, anti 
there is obviously no question of the planont being in any wai' 
digested or otherwise injured by the digestive juices of the cater- 
]>illar. 

It may then l>e asked if all pehiine spoies swallowed by a worm 
mil dehisce and set fiee the enclosed planonts to start multijilymg 
in the gut-wall li a series of cateipillars be fed an emulsion of 
spores and killed at various intervals of time aftei wards from about 
10 minutes aftei feeding to say 8 hours, it will be found that all the 
sjjores ingested do not dehisce — ^indeed in many cases the majoiity 
seem to pass thi’ough the gut unaffected iii any way. This is of 
comae due to the fact that the digestive juice of the caterpillar 
stimnlates only “ ripe " spoies to dehisce llipeness is doubtless' 
closely bound up with certain nucleai phenomena and as such cannot 
be gone into here, but it will be readily understood that in the 
development of the sjioie there comes a jioiiit when it is ready to 
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deliisce—wlien tlie polar filament is ready to be extruded and the 
planont is ready to emerge and infect the gut-cells. Before this 
point is reached the digestive juice of the caterpillar has no effect 
on it and the spore in this unripe state would pass through the gut 
unaltered. An attempt was made by Hutchinson (1920) to count the 
number of spores that a caterpillar had to mgest before it becomes 
infected uuth pebriuc, but his method was rather rough and the 
number obtained over 5,000 is much too high in all probability, ■ 
unle.ss he was dealing with a batch of spores that had a very great 
many nnripe ones present. I attempted the same thmg by feeding 
definite quantities of various emulsions and actually counting in a 
hoemocytometer the number of spores that would be thus ingested, 
and I found that -100 spores produced a heavy infection. Allowing 
for unripe spores and planonts which failed to reach the gut-wall 
it obviously does not need a large number of spores to secure infec- 
tion — another demonstration of the fact that a caterpillar seems 
fairlj^ easy to mfect. 

C4raiued then that there is no gieat dilficulty in infecting a 
caterpillar— that there is no great resistance to the initial attaclc of 
the parasite — how docs the caterpillar act towards the parasites 
once they are established ? We have seen that the jiarasites 
multiply with great rapidity— the gut can be infected from one 
end to the other in four or five days (Plate VII. fig 2)— and that the 
woim is tolerant of an i^normous infection. Docs this mean that 
here too the cateipillar has no very adequate defence ag.iinst Nosema 
attack ? The mere fact tliat the para.‘<ite can multiply so rapidly 
and be present in .such enormous numbers would scum lo slnnv 
that the more passive dcieuces are unable to hold this paiticiilar 
parasite m check ro n ny extent. Tliere are, liowevci . i wo iutlicfii ions 
tliat the caterpillar does react to a heavy mlecuiuii to sumo exlcnt. 
We have already noted the budding off of part ol the "ut-waU 
cells as digcislive juice buds. This, while leading lo aiiio-iniection, 
also helps to throw off a certain number of para sit lor tlie buds 

will contain many mcionts and many uiuqie sporc>i whicli aic not 
capable of pioduciiig auto-mfcction, and wJiicli will thus be nas^ed 
to the oiilsidc. In ccilaiii cases of verv lieavy inlection 1 have 
observed what appears to be an mtciisification of this process, 
ihc epithelial cells iii laigc- areas oi the gut-wall Itad budded off 
portions to such an extent that ihey were reduced lo the mere'>i 
fragments irmgmg the basal membrane. The gut tliiis prcsented‘a 
in^t curious appearance, looking as if it had attempted to throw 
ofi the parasites by budding ofi the epithelial cells tint conlamod 
^ ™noner response to Nosema attack is .seen in the 

(ilate 1, figs 4,.o). .IJicu’ origin seems to be as foIIow.s .— Poci 
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of infection in the hvpodemiis or inner layer of the sl:in (Text- 
fig. B) become giadiially surrounded and infiltrated' by a deposit 
of chitin— the hard, non-living substance that forms’ the outer 
skin and all hard parts of insects (Plate II, figs. 3 and 4). It is a 
sort of cyst-waU being formed round the nest of parasites — ^the 
parasites are enclosed in an impervious, dead cyst and so prevented 
from doing further injury to the host. This is a common response 
of insects to parasitic attack. These black spots — or dark brown 
rather because chitin in mass is that colour — are in India found 
chiefly in caterpillars from diseased layings, as indeed the hypodermis 
does not as a rule get infected very heavily with the parasite unless 
it acquires its infection in the egg. At times, too. minute black 
specks are found on the outside wall of the gut of caterpillars that 
have been very heavily infected with pebrinc (Plate II. fig. 2). On 
exammation these are seen to be of the same nature as the spots 
m the skin — chitinised cysts containing pebrine spores. 

Such then is a short review of the facts that we can observe regard- 
ing the resistance responses of the silkworm to attacks by Kosemn^ 
and it must be admitted that the natural immumty of the cater- 
pillar does not seem very efiective in iireventing or airesting the 
onset of this particular parasite. But if we consider a moment this 
is haidly to be wondered at. Reference has already been made to 
the probable, almost certain, antiquity of the association of the 
caterpillar with Kosemn. In dealing with the history of the caudal 
organism of pebrine it was argued that Kosemn homlycis was an 
old established parasite of the siilcworm and probably was present 
in the silkworm long before its domestication. If this be so it 
explains certain pomts that we have been dealing with above. 
H'e have .seen that it is characteristic of an efiicient parasite that it 
should not imder ordinary- circumstances gieatly injure its host — 
especially that it should not produce toxins — and that in turn the 
host should be tolerant of the parasite. It might also be added that 
in a case of paiasitism such as a wild Kosemn infection it would be 
essential for the infection to be easily acquired, for undei normal 
conditions the risk of infection would not be gieat and if infection 
were not readily accomplished the parasite would tend to die out. 
All these conditions are really found in pebrine. The balance estab- 
lished between the host and the parasite in the distant past is in 
the main lines still preserved. Kosema easilv infects the caterpillar 
and in mild infections does relatively little harm, while m turn the 
cateipiUar is very tolerant of the parasite and does not. so to speak, 
resist it in force. The changed conditions however, fiom wild life 
to domestication have enabled the parasite to infect the host much 
more heavily than it could in nature, and the environment under 
domestication is not so favourable to the caterpillar, so that probably 
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tlie inlectioii may sjiread more rapidly in tlie caterpillar's body. 
In this way tlie parasite seems to Lave ratber the upper band and 
tlie cateipillar lias not been able, so far as one can see, to cope 
with the parasite veiy efficiently wlien present -in large nwiibers — 
so long as infection is slight tbe original balance seems to be main- 
tained. 


It is tbeiefore very essential that we should determine what 
factors, if any. are likel.y to help the cateipillar to resist this mass 
attack. Now, it is a well known fact that immunit}'' in men — ^n'ho 
aie animals singularly susceptible to disease — and other mammals 
vanes accoidmg to individuals, according to the health of the 
individual at the time of attack and also to countless and often very 
minute variations in the enviionmont — such as in temperature, 
moisture, amount and kind ol food, etc., etc. In absence of evidence 
to the contraiy we may presume that silkworms are similarly cons- 
tituted. We may inquire fiist if it. is possible to discover more 
lesistant races of caterpillars and by selecting from them or using 
them in hybridizmg experiments to evolve a highly resistant race, 
and second what are the conditions under which silkworms are most 
bealthy and what can be done to secure these conditions and so 
laise their resistance by improving their sunoundings. 

Personally I thinlc the search for a resistant race, or at all events 
a race more resistant than the local Indian ones, will not be croviied 
with success. These race.s have been bred for many generations 
under veiy trying circumstances, and it is reasonable to siqipo-se 
that iLe fittest and most resistant woim.5 have survived and lonn 
the pieseut stock. It is significant that all attempts at iiitroducui'^ 
flesh stock have failed so far as one can find out from the records-^ 
the foreign races have not been able to .stand the climate and the 
fi'eatment meted out to them. That even European varieties can 
be reared with care m the plains ot India is true. but. that does not 
invalidate the above statement, for they could not survive one 
season under the ordinary rearing conditions in the villa<»es. That 
introduced races fall especially a picy to pebrine I do*'not say— 
It IS lilted usually flacherie or some .‘similar lot disease that cairipc 
tiiein oft. In point of fact while I believe tliat woim.«; vary verv 
gi-eatty in their resistance to rot diseases, I think the evidence .shov^ 
that the} are all more or less alike m their resistance to paiasitic 
diseases. It is claimed by Mukerji (ISOD) that the Clihotanolii is 
more susceptible to pebrine than the Nistari and both more so than 
the Barapolii, but Mukerji's evidence is far from convinciii<T 

A^oious than the ordinary races, citing Cleghoni^s black Pam- 
lou. All exactl} similar worm seems to have been selected bv 
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Hutton aliuiit 18G0. It aams tested by Dr. Boiiavi.i in Oude and did 
not seem to iin'e out'^tanding results (^Yatt 1893) IfbothBoia- 
polii and Xi'stan tend to give nuinbcjd of dark Avoiras under oidmary 
conditions pJukeiji ISUi)) and if tiicse arc more i csistant, Iioiv is 
it iliiit the exacting natuial selection tahvays at ivork m the reareis' 
liuufce '5 lias, not piodiiced a dark lace, tiie lighier woims being 
eliminated ’ T ivoiihl not foi a moment shut out tlie j^ossibihty 
ol selecting nioie disease-iCNistaiit laccs fioin tliose already in India 
and an ini|Uiiy miglit be made into this sul)jcct as a sort of side line^ 
bm It teems to me that tlio icsulls got will deal with so many vary- 
ing factois and such ‘•light dificiences that it ivill be well nigh impos- 
sible to ioim a collect judgment upon them. As I have said, a 
pietty exacting ^election has been gomg on for generations in India, 
and It will mean several yeais of careful e.vpcnmcntmg before we 
could claim that \\q bad improved upon tlie results alieady achieved. 
"We mu'^t .tlso take into cnusideiation the fact that in dealing with 
pebrme ue aie conceined as shown above with a parasite and a 
ho-t which m llie p.ist achieved a balance — ^the attack of the paia- 
site equalized by tlie rcsi.stance of the host — and that balance has 
probablv been di.'.tuibed not by anv alteration or vaiiation m the 
mliGiilecl ie«istance of the woim oi attacking power of tlie parasite, 
but by an alteration m the environment due to clomcstication. Theie- 
lOie the mo-'t piofit«ible method of a-si.stiiig the caterpillai to resist 
attaclc Mill be to leinove these disturbing e.xteriial conditions as far 
as po-siblc !Muker]i very po^simi-iically lemarks, ” if this (the 
diseovei v ol pebmie in n ikl ■•ilkwoim’^) be a fact, it is useless attempt- 
ing to ]'csi=’u the plamu? by iinpiovmg the vigour of sill:worms. 
M'ell Xo'^i.uirf bomh,fci3— -or at all events an oigaiiisra indibtmguioh- 
a1)le from rhi'5— has been d]'>cover'jdm .-ItAc/o:''' sp. (Appendix IE). 

It lia-' aKo i)een toun.l m eateipillaia of the genus Gasiropaclio and 
Zj(fri nn, and I liave infected a u ild rarciqnllai (genus^) with pobrine 
Bur I would not ■? ly ’ b i-> useletS atiempling To lesist the plague 
bv imj'ioving the vigour of ‘^ilkworm^^ I vroulJ however tend to lay 
verv much moie ’>tie';s on impiovino external conditions than on 
mcieasing Hic inheiitcd resisianee of the worms. 

If the aLtompt to imjjioi'e narnial immunity through selection 
1 - not verv promising. I do not think mueli piogie^s is to be lioped 
j.rom h^ 1 ) di 111^, 1 ji iheic ot couise one must have certain 
clefimte chaiacteis to woik with — blind crossing mere jiigwlinc; 
with the germ plasm will nevei lead anywhere Here the opmioii 
ol a trained geneticist is essential In Bengal a very consideiable 
amoiuit of hybjidiziug has been attemjired. 011 the supposition 
that the Xistari when crossed with a better silk-yieldmg moth, such 
as a European or Japanese, would supply -^ngonr or resistance to the 
cross — ^it IS taken for granted that the Xistari has this character in 
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sonic particular degree — tlie object of tbc crossing having been 
of course to produce a vigorous worm tliat produced better silk 
than the Ifistari. It is outside the scope of this investigation to 
go into the question of hjdjridizingj but it seems tn have been under- 
taken in the most light-hearted fashion without any preliminary 
inquiry into the various characters of the worms and the ways m 
which they were inherited — on the whole a rather haphazai’d 
business. Ifow as we. shall see later, the Nistari docs seem to be 
resistant to rot diseases and is m general a very sturdy worm, but no 
experiments seem to have been conducted to see how far this was 
true and to what extent this was a lieritahlc factor. Similarly 
with the richness of silk, which it was desired to get from the foreign 
woim, no work was done to see in liow lar this depended on climate, 
food, etc., rather than on some facl.or in the germ cell of tlic foreign 
worm. So far as T can see the results have not been more satis- 
factory than one would liavc expected from the methods employed. 
The best hybrids are a liltlc better than the best Nislari at certain 
periods of the year, but they seem to be gradnall}' deteriorating. 
In connection until this the observations of Grangoon (1917) 
aj.;e of the utmost importance. Tie decided that it was impossible 
to combine hardiness with richness m silk. He found that on liist 
crossing Nistari with European or Madaga'sear worms, worms which 
gave a very good yield of silk were got. but in the succeeding genera- 
tions tlie richness becomes less marked and the woims finally 
divided up into two classes — small resistant worm and a large 
worm with less resistance which died out. From this it would seem 
as if the attempt to increase the resistance of woims by hybridizing 
was not likely to be a success. It may fiirtlicr be noted that almost 
certainb" the quantity and perhaps also tlic quality of silk in a 
cocoon has more to do with climate tlian aiiytlnng else (Coutagne, 
1902). Much work on tropical soricultiu’e lias been done in Mada- 
gascar and the opinion ol Fauchcro (1913) is all in favour of this 
view. His contention is that* silliworms arc to lie regarded as of 
tropical or .suh-tropical origin and that the muHivolt-inc condition 
is the normal one, the uiiivoltine condition being a rlificially induced 
by rearing iii climates of very variable tempcrnlure, but tlial. veiy 
hot and moist climutes do not allow of production of fiist qiialitv 
silk. ■' 

Before undertaking any selection or Iiybridizing work, whctlier 
to improve resistance or to increase tJie yield of silk, the work that 
has already been done on .sericulture in the tropics should be very 
carefully considered and then preliminary work should be under- 
taken to deteimme what is due to environment such ns climate, 
lood, etc., and what to actuallv inherited characters. When the 
ground has been-thus somewhat cleared it will be seen whether any- 
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tiling can be achieved in Ibis diiection. Tn any case .such voik 
can only be profitablv imdoitaken by i nc trained in geneticF — 
llie subject is much tno specialised lor anyone else to make a 
SUGCeSb of it 

AYIiat seems to me a much more profitable hue of worlc is the 
attempt to deteimiiie vdiat external conditions help or hinder the 
caterpillar m its resistance to tlisease, Hoie we are dealing with 
external factors which an* alw.ivs varving a little fiom veai to year, 
irom place to place. In consequence of {hi^ the details would have 
to be worked out foi different di'^tuct.? and expeiimeiits would 
have to be continued foi long period'' Tt is woik which should be 
uiidei taken bj’ the sericultnral depai tmont‘« of the difieient provmres 
interested in seiicullurc— only the Inoadcst outline can be attempted 
here. 

Tt may be taken for gi anted th.it anything that tends to improve 
the geneial condition of silkwoiins will make them better able to 
resist the attack of Xo<!cnif( homhyi)^ Tmpiovcincnt.s ni environ- 
ment should leally aim at mfikinc the suiioundings hcalthv 
as like open air conditions as possible for we have lepeatedly 
emphasised the fact that iiiidei uild conditions it is practically 
certain that the host suff'cicd little or no mconvcnieiice from the 
parasite. 

What then aic the conditions in nature that we can hope to 
mutate undci domestication ^ Tlieie aie tlnee mam featuies of the 
wild life of cateipillais that wc can tiy to copy. 

1 Compnwtive ficcdom J)ow conUnmvcitivc injection. Things 
in nat.ULO arc comparatively clean Infective mateiinl is at once 
exposed to the action nf the sun. bacteria, vaiioiis scavenging 
annuals etc . and thus soon is rendered innocuous nr removed. 
Besides which, as cateipillar.-s are not ciowdecl as .1 rule very closely 
on their food plants and as the plants themselves aic scatteied. 
nfeo ive material IS distributed very sp.aimdy over a ^aige aiea 
and the risk of mass infection is reduced almosL to a quite negli- 
gible factor. 

A gieat deal can be done by learcis to sccuie 111 then houses at 
least an approximation to the above conditions. The danger of 
infective mateiial can be consiclei ably lessened bv the careful re- 
moval of all ffccal matter and littoi m geneial and the storage nf the 
some in a pit, where it .should he mixed with othei manures for the 
ffelds, and if the pit contents are diy thev should be sprinkled with 
watei t'O prevent the loimation of dust which could be blown about. 
The littei should not lie fed to cattle nor stored or burning, as it 
must be kept dry for these purpo-ses .and Ihe dust danger is to be 
feared. Nor should manure contammg silkwoim fmces be used to 
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manure mulberry land. All dead caterjiillars or moths should at 
once bo burned. All moveable furniture in a rearing house should 
bo fief|uently exposed to the sun and the house and furniture should 
be sprayed with some germicide — preferably 1 per cent, formalin 
and lime-wash every hund. The use of cow-dung for smeaiing 
trays, floors, walls, etc. i.'! not to be discouraged. The place oi 
rearing and its surroundings should be kept as clean and a":' 
dust-free as possible. The worms should be given as much space 
as jDossiblc — overrrowding is very harmful (for the re.sults of over- 
crowding as seen in weight of cocoons see Appendix V, Graph a.l 

The question of overcrowding lias always been a difficult one in 
India, and it is not liemg loo exaggerated to say that as long as 
overcroAvding goes on disease will be more dangerous and crops, 
whether diseased or not, of poor quality. Unfortunately it seems 
to be impossible to get rearers not to overcrowd. According to 
Mukerji, “ they understand very well that it is healthier to have 
only S or 10 ddlds on a stand imslead of 10 or 17, and only H to 

2 J:dliu)i^ {] =1280) of full grown silkworms, instead of 2 to 

3 MJifhis. Ill each ddld , but they will never abandon their prac- 
tices.” 

It may be noted here that while the risk of contaminative 
infection is slight, the possibility of hereditary infection is con- 
siderable in the wild slate. And here the domesticated worm may 
be said to be actually in a belter position than the wild one. for it 
is possible to practically elimmale hereditary infection by a caioful 
mici oscopic examination of the parent moths, so that domesticated 
worms may thus start life actually in a better position than wild 
ones 


2 In nature there irvidd ahvays be a o-apid and efficient cnculation 
of an and abundant lujhi. The question of ventilation is probablv 
the pio.st difficult thing that the rearer has to face. It is raiely 
efficient in this country. The large houses in the Government 
nurseries iii Bengal are very stuflv in the liol weather and rains, and 
the rearers houses are distinctly worse. The matter is admittedly 
difficult, for while air is to lie admit.ted ns freely as possible tlie sdk- 
fly and dust ore to bo kepi out. In the Government nin scries theic 
are .special fly-jiroof wii’c-gauze doors and gauzc-covcrcd venMntors 
but these last are altogetliei- too small and tlie liouscs aie very claik! 
yh&hitcha that died house is .said to be expensive in tlie lono' 
run oil accoimt of the frccjiiciit repairs to roof, etc., hut on the wliolc 
the) are cool, and instead of launching out into new tvpcs oJ house.'.. 
e.j)ecially pi/Z-Zirt houses, as has been .suggested.' it would be 
advis^ab e to try to improve the existing type of lioitse. TJiis could 
be effected to some extent at least by not i-unning the wall ri<rht up 
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to the roof but leaving a space of a foot-and-a-half or two feet Ijetweeii 
the top of the wall and the slope of the roof. This could be covered 
with gauze, the roof of course being supported by pillars or posts 
running up above the top of the wall. As these openings would be 
protected by the eaves they would not be exposed to the foice of the 
dust-bearing wind, but if it was thought necessary light shutters 
could be provided to close when necessary. In French Indo-Chma 
it was found that rearing houses constructed on the European plan 
— puJd'i houses in fact — failed signally, while houses on the 
native plan succeeded admirably (Vieil, 190C). It would be folly 
after the attempts made in Indo-Ghina — and there were several — 
to introduce that tj^pe of house into India The only thing to be 
advanced in their favour is that they are more easil}’’ disinfected 
and kept clean than Jeutehn houses, but as these are not the hot- 
beds of infection the)’^ were thought to be, that argument is not of 
much worth. 

While it is undoubtedly possible to improve the circulation of air 
m the rearing houses m the Government nurseries, it is a very diffei- 
ent question in the learers’ houses. When new houses are being 
built under the supervision of a sericultural department the matter 
is simple, and moie air and light could easily be obtained as has been 
above indicated ; but in the houses already erecied, es^iccially when 
they are also used as dwelling houses, piobably very little can be 
done. However, the question of improved ventilation is one which 
should always be in the forefront of the programme of any 
sericultural department and it is one which can best be decided 
locally. 

The darkness of the houses is also to be deprecated It is said 
that on account of the fly the houses must be kept dark, but it is 
quite lilcely that the eye has little to do with the fiudmg of the 
cateipdlar by the fly and the laying on it of the egg Before the fly 
could possibly see the worms — while the fly is outside and the worm 
inside a house — ^the fly can find out the worm. It must do this by 
some sense other than sight, so that even .m a dark house the 
worms might not escape. Light in moderation is certainly not 
harmful to caterpillais, and a beginning should be made m the 
Government buildings, at least, to dispel the tomb-like blackness 
of the rearing houses. 

In connection with the subject of ventilation it maj" be noted 
that it seems to be moisture in the air that is most to be dreaded. 
As will be seen from Experiments 10 and 17, when caterpillars were 
reared in a very moist atmo'-phere they were much more liable 
to disease than when the air was dry, although in the moist cages the 
caterpillars grew much faster and larger than in the dry ones and 
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made better cocoons on tlie whole. It is possible that the reason 
for the heavier infection is due to some lessening of the resistance of 
the caterpillars, owing to some metabolic distm-bance caused by 
the inability of the worm to get rid of water vapour quickly enough, 
and it is significant that worms reared in warm, damp surroimdings 
have a less allcaline gut-content than those reared under diy and 
hot, or moist and cool conditions — giving a grey-blue colour with 
thymol blue (pH=8*8 ) — see also under flacherie. It is also possible 
that the leaf being kept moist longer the caterpHlars actually eat 
more and so ingest more spores, while the moisture would tend, at 
all events in the case of infected cages, to make the spores stick 
to the leaf while in the dry atmosphere they might tend to fall ofli 
the leaf. Whatever the exact cause of the greater percentage of 
disease, it is clear that a moi.«5t atmosphere along with a high tem- 
peratm’c is very iinfavoiuable, and a rapid renewal of the air in a 
rearing house is all the more necessary m hot, damp weather. It 
is interesting to note that the rains and especially August and 
September are very bad months for pebrine. This is the experience 
of the village rearers (Appendix II), and it is well borne out in many 
of the experiments (Experiments 4, lots 4 and 5 : experiment 6, lots 
3 to 5 ; experiment 7 lot 1. ele.). Now in these months the moisture 
content of the an* is very high, and as breaks in the rains are fre- 
quent the temperature at times is very high, so that we have the 
same conditions as those reproduced in our experiments with the 
same result. August and September are the worst rearing months 
for disease and should be avoided if it is at all possible. 

3. In natiac the xeoi ms would not he underfed, the food supplif 
xvoiild be ahoays fiesli, and the mulberry eaten would be of the tree 
type. The food supply of the silltworm is of the greatest importance. 
It is reall^^ just a perambulating stomach and responds wonderfully 
to good feeding. If worms are underfed or improperly fed they 
succumb much more readily to disease, and even when no disease 
IS present the results may be almost as bad. Experiments 18 to 20 
give some idea of the effects of proper and improper feeding. The 
first experiment with normal worms reared m infected cages is not 
so striking as the second one, although in one lot the underfed worms 
contracted pebrine while the well-fed ones did not. The next, 
however, is very impressive. Diseased moths' progeny of the first 
gperation were divided into 3 lots and fed four times a day and six 
times a day on bush mulbeiry, and six times a day on tree 
mulberry. Those well-fed on bush mulberry were infinitely 
superior to those under-fed, and those fed on tree mulberrj^ were 
vastly superior to those fed on bush. Plates IV— VI showing the 
appearance of the worms just before spinning, and the weights 
of cocoons, although these are of coiuse at best poor, and the 
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exliaordmaiy difierence in caterpillar mortality given in Experi- 
ment in, lots la-lc, arc conclnsive proofs oi the value oi the 
right food and enough of it The second lots in Expeiiment in 
bhow the same results for rather clifterent materials — here again 
generous feeding showing great improvement in the woims and the 
cocoons. The last experiment of the series was done on hcalthv 
caterpillars and here the etlccl of iindeifccdmg i.s seen in the slowei 
and somewhat irregnlar growth and the poor cocoons pioducccl 
The clfect of dirty leaf is shown in the same wa}' but especially m 
the poor quality of the cocoon. The mtercst-ing point m this ex- 
periment being that the impioperly fed ones gave quite the appear- 
ance of slightly pebrmiscd woims — slower, rather inegular anrl jioor 
cocoons — if to this had been added ovcicrowding the result would 
have been a product similar to what the aveiage reaiei gets and 
which IS frequently put down to the fault of disease 

Thus it will be seen that sufficient food c'^pccially of a certain 
Cjuality IS of immense benefit to the silkwoim. If the ivois 
would only feed their woims moic libeially they would get bettei 
cocoons and. if there was no disease among them, a better yield of 
cocoons If they could only be induced to use a little tree mulbeiiy 
the results would be still more &ati.‘«factory In this connection it 
IS important to note that the good eflect of the ti ee mulberry was not 
very noticeable until after the 41h moult so that if caterpillars could 
be “ finished off ” on the leaf of tree miilberiy the benefit Avoiikl be 
great. It is further to be noted that the so called ‘ trees ‘ used in 
my expel iments were only a stem of a bush plant which was allowed 
to glow up for about a. year, while the other steins were kept cut. so 
that there is no real difficulty in getting tiee leaf IVith i-egaid to 
more frequent feeding it may be mentioned that in Madagascar the 
young caterjiillais are fed 8-10 times a day older cateipillars 6 times 
a day and in the last .stage they arc ncvei left without leaf In 
Bengal about 1 or 3 times a day is the most they ai e ever fed and they 
aie trequently seem with nothing but withered leaf or bare twigs 
on the travs In Mysore the worms are fed at least 7 times in the 
24: hours, including 3 feeds at nights, and they ceitaiuly show the 
benefit of the extra caie 

Hill aihelioratiox. In most sericnltur.al countries, espcciallj' 
where umvoltme worms are reared, it is considered beneficial to use 
seed which has been bred in the nioie elevated parts of the country. 
It has been suggested, therefore, that in oi der to siqiply the plains 
of India with seed, stations should be established m the hills where 
this “ hill ameliorated ” seed would be produced The question is 
a very difficult one, and one which cannot, I think, be dolermiued 
off-hand. It is certain that the hot and moist valleys of the Ganges 
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and other Indian rivers are not ideal silk-rearing districts and the 
climate there would seem to make i-he worms more liahle,to snfter 
tr<jm disease. It is also certain that wonno reared in the hills at an 
alt itude of about 4,500 feet or somewhat higher do very well. Q'liey 
are not free from disease but they usually spin good cocoons and 
seem generally healthy. The point to be decided is, does this im- 
provement got by rearing in the hills persist after the worms aie 
taken to the plains — is it something that is inherited Personally 
I very miieli doubt it and it is a question that cannot rapidly be 
decided — several years ot careful expeninentmg would be required 
to determine wliether or no there is anything in hill amelioration. 

Hutchinson (1020) givc.s a set of expeiinients which he says 
opens np ■' a hop etui hue of -enquiry '* willi regard to ‘“increased 
resistance to inlection caused by hill roaring.” but I confess I 
cannot see on what grnuiid.s he bases his optimism There are 
five experiments m the .set In one there is praclicalh" no difler- 
ence between the lull reared and thePusa icaiej wonns— 94 per 
cent, diseased as opposed to 100 per cent. In anotliei the lull 
Avorms AA-ere fed on niciterial 7 AAoek^aml 5 days old AAlnlctlie 
]tlaui^ wornii were tel on nnteiial 4AA'eeks and 3 days old — such a 
difference in age of iniective material as AAmiikl easily explain one 
lot showing no disoa.se AAdiile the other lot sliowecl 30 per cent, 
disease. A third lot gaA'c 40 per cent, disease in hill reared worms 
and 74 per cent, in Pnsa reared stock, but if one examines the 
Avhole .senes o' experiments giA^en one finds that m the .set on “ the 
effect of artificial infection a day )»efore spinning ", Ironi AA'hich 
the 74 per cent, case .secins to be taken, there is a case AA'hich gaAm 
only a 38 5 per cent, infection m Pusa. actually less than the 40 per 
cent, got in ShiUoiig. A foiirth experiment in infected cages gave 
35 per cent, infection m the hill reared lot Avhile the Pusa reared ones 
gaA’e a 44 per cent, infection — a comparatively slight, difference 
AA hich IS AA ell AA'itliin the limits that .are to be exjiected from the 
chances for aiicl against AA'orms picking up infection in an infected 
cage. In a fifth experiment the hill reared AA’ornis guAm 50 per cent., 
inlection on being fed four moa’s of infective material after 4th 
moult Avhile plains reared ones gaA-e J 00 per cent., but if all 
Hutcfiinson s experiments are reAueAA^ed it aviII be found that 
under the heading ■' the effect of artificial mfect.ion after the 
fourth moult, ' from avIucIi these experiments are talcen. some 
loj:s of plains Avorms gave no infection, others 10 per cent, and 
3/0 per cent.— again les. than the lull reared Avorms, For my 
part 1 can see no support in these experiments for the belief that 
hill rearing increases resistance to disease. 

literature expressions of opinion which are 
opposed to hll reared seed being used m the plains Pasteur 
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(1870) records that tlie seed got from tlie district of the Ba&ses- 
Alpes did much -Hvorse in the plains of Gard and Ardeche than in 
the mountainous parts of these departments where the climate was 
similar to that m the Basses-Alpcs. Geoghegan (ISSO) also quotes 
from ail account by Lieutenant Powlett of Jaffir Ah's silk-rearing 
establishment at Gurdaspur in the Punjab — sometime about 18G4 
— the opinion of Jaffir Ali that “ acclimatized eggs were far better 
than hill raised, as the lattei produced in the plains sickly worms/’ 
The Deputy Director of Sericulture of Bengal in a conversation with 
me has expressed the view that hill reared seed — and he has had 
experience of it for several years — does not do so well iii the plains 
in the hot weather as plains seed. 

It is extremely difficult to de^"ise really good e.xperiments to test 
the benefit of hill amelioriation there are so man\' varymg faclois. 
I have endeavoured to test this point, but I am fully an are of 
the faultiness of ray c.vperiments Seed produced iii Kalimpong 
has been sent doivn to Berhampore every hnml and reaicd along- 
side of seed produced in the plains. Seed produced in Kalimpong 
has been sent to the plains (Piisa) and reaied in an mfected cage 
alongside of Pusa seed in a similaily infected cage, while a control of 
the Kalimpong seed was reared in a similaily infected cage in Kalim- 
pong. As will he .seen from Experhneiit 21 the results of the ex- 
periments in the infected cages were not in favour of lull reared seed. 
And the diagrams given in Appendix V shew that at least as far as 
weight of silk is concerned the hill i cared stock was not so good 
as the plains acclimatized stock in some cases. In Appendix I 
will he found the results as far as disease is concerned of hill seed 
reared in the jilains and it will be seen that m reaiers' houses it 
may pick up quite as much disease as plains stock. 

On the whole I cannot say that a case has been made out for hiU 
amelioration as a whole. To reach any defimte conclusion, however, 
would need many years' experimenting — ^indeed all experiments on 
silkworms should run for at least five years to be of real value as 
the worms are so susceptible to clmiatc and food that a few experi- 
ments cannot show absolutely defimte results. There is. neverthe- 
less, room, I believe, in each province for a small, cheaply-run hill 
station where seed for the cold weather hunAs could be reared during 
the hot weather, where acclimatization experiments could he caiiied 
on, and where fiirther experiments in the resistance of worms es- 
pecially to rot diseases might he tried. To launch out into a scheme 
invohung a big hill station would at present be folly. 

Do conditions in India make the disease specially danger- 
ous or difficult to check ^ We har'e reviewed above the source 
of infection and the method of keeping pebrme in check, and we 
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may now enquire if tliere are any special conditions tliat malp 
pebrme more difficult to control or in general more dangerous in 
this than in other countries. 

There are three factors to he considered : (1) the parasite, (2) the 
worm or host and (3) the environment. The question of the parasite 
may be dismissed in a few words. The organism is same in Europe, 
Tnrb'.a and Japan, and it runs the same course in the caterpillar. The 
higher temperatures got in tropical and subtropical countries will 
however tend to make its development more rapid than in cooler 
countries. According to Vieil (1906), this is a decided advantage 
and in the past prevented the complete sweeping out of the silk- 
worms by pebrine m Erench Iiido-China. According to this worker, 
the rapid development of the parasite leads to the death of the 
more highly diseased worms before spinning, or if they do spin 
prevents pupation, so that the diseased worms are eliminated befoie 
tlie time for laying eggs. In short the intensity of the disease lessens 
the risk of hereditary infection. But as the life-cycle of the multi- 
voltine worm is much more rapid than that of the iinivoltme worm 
in temperate climates. I should have thought that, this would tend 
to more than outweigh the more rapid development of the 
parasite. According to others, the rapid development of the worm 
in the tropical countries prevents the life-history of the parasite 
being completed and so the disease is less serious than in 
temperate countries.'^ I think it is certain that the disease is 
less devastating in the tropics than it was in Europe, and I believe 
that this is to be explained by the rapidity with which the woim 
goes through its life-cycle. There is less time for auto-infectioii to 
spread the disease all through the body of the host. 

The silkworm of the tropics is nearty always multivoltinc. Indeed 
it has been shown in Madagascar by Eauchere (1913) that the um- 
voltme worm of the temperate zones becomes gradually multivoltinc 
in the tropics, and from this it is argued that the univoltine state 
is an artificial one produced by transferring the silkwoim from the 
equable tropical climate to a climate of very variable temperatures 
(European). The fact that in Bengal there is a univoltine worm 
does not altogether disprove this contention, as the climate of Bengal 
is not strictly tropical but has a considerable range of variability. 
The multivoltinc character of the Indian or tropical worm must 
certamly have some effect on the question of disease. The Nistari 
worm may be got to produce as many as 9 generations in a year 


* In 1913 it was paid that pelirinc in Frwipli Inclo-Cinnn made mucli less havoc than il ii^cd 
to do Ml France and na.i dccreaung In Cnnibodia in If 14 it was Paid to I.o Jc..'- Bcrioii.- iiinl 
Buoved no sign of wiping out the w orms. In Madagascar in 1917 pchniic uas paid to be mtious 
partly on account of the carclcs&ncss of the native rcorcr, parllv on nccounl ol the Taiiiility u ihl 
u hich ono gfincration succeeds ancthci. 
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(B.inlw, 1911), but ns a rule m India about six hfmfh nr?., cot 
— March, Apiil, May- June July. Augusl-Scptembcr, Ofl^ber- 
Deceinber. The rate of development of the \vorms vaiics vciy 
greatly accoidmg to the time ol veai . tliat is to .say. according to the 
temperature The eggs take from 7-1 2 days to liatcli. the cateipillar 
stage lasl.s 3 to -J- iveeks and tlie pupal .stage 1 0-lG day.s The moths 
couple very shoitly alter cutting out. The whole cycle takes from 
j to 8 weeks In tlie nnivoltine worm the life-cycle last.s a year — 
the eggs .stage about 10 months, the cateijnllar stage about 5 weeks 
aii.l tlie pupal .stage about 2 weeks. 

hTow 111 the first place the constant succe‘'Sion of hroods through- 
out the year m India undoubtedlv makes it more difficult for the 
sericultiirahst to keep disease at bay. The learmg house's aie never 
long enough vacant to let any pehrinc spoies that may lie pieseiit 
111 it die out — we saw that at least 3 months were necessary ior 
thi^ — and consequenllv di-iinfccl ion must be resoitcd to. Tlie shoit 
space ol time between llie laying of the egg and iU hatching is also 
at least inconvenient, for it leaves a very .shoit time for moth exami- 
nation — clays onl}* where in Europe they have montJis A gieat 
deal IS macle of this in India hnl pei.sonally ] cannot ^ec that it is 
so very serious a matter as I do not believe that the supposed 
increase of spores in tlie moth i.s of much impoitaiice I have ah eady 
discussed this question in pait (p 21). but I wish to* relniii 
to it here. Experiment 22 shoAvs the lesiilts of examining a 
.senes of moths from the limeol cutting out up to the time when 
examination usually takes place, and it mil be seen that spoies 
were present in gicaier numbers than developing foim,s fiom the 
verv .stait .so that iiiiectioii could have been detected on the day 
of cutting out It IS evident to me that il biifficient spores aie 
not pieseut to malcc the infection detected on the clay alter the 
moth lay.s its eggs the infection must he so slight that it will not 
be likely to cause any liaim. It seems better woi1.li while to iisk 
an occasional very mildly infected moth being undetected by 
beginning the 'examination early than to “ rush ” the examination 
in one or two days wlien inoie highly infected moths aie even 
more likely to be oveilookecl in the huriy. I can find no evidence 
to show that spore-foimation iloes not take place ahundantlv m 
ten days. All this fuss is the result of Mukci]i’s erioneous ideas 
about the develojimenl of Noscnvi — Hutchinson (1920) evidently 
accepts as evidence “‘the experience of seed real ers iii Bengal ” 
but that of course iS merely the result of Mukerji’s teaching My 
expel lenco is that, in the hot weather and lains — when the moths 
have to he exainuied according to this idea in about two days — 
five days having to elapse after la^uiig before examination is begun 
— at that time abundant spore-foimatioii takes place, as has been 
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shown, in four clfiys from date oi infection. FurtJier as multipli- 
cation of the parasite is rapid at this time, even supposing infection 
took place only on the day before spinning, by tlie time the moth 
cut out and coupled and laid its eggs at least 10 days must have 
elapsed — ^the pupal stage is amplj' long enougli for the infection to 
have shown itself sufficiently for diagnostic purposes. Hutchinson 
(1920) has shown that one infected meal immediately beJore spin- 
ning may serve to give rise to infected progeny m the next, generation, 
but it is well to note that spores were demonstrated quite easily in 
the pupie as well as in tlie moths. 


There is one point in favour of delaying moth exanimatioii and 
that IS that the more weakly moths die off. so that a sort ol selection 
of the fittest is brought about This is a distinct advaiilage and 
doubtless helps to keej) the stock strong It is theretorc a question 
if it IS worth while abandoning this advantage in order to secure a 
more leisurely examination, a question that should be decided by 
the number of examinations that have to be made. It can never 
be good to hurry examinations unduly. 


We may noiv turn to the method of moth ex.'imination to be 
employed.^ Much has been written about the “ blind ’’application 
of Pasteur’s method to India. Pasteur’s method of seed selection 
consists m the rejection of all moths heavily enough infected with 
pebrinc to sIioav the spores in a rapid examination— this does not 
necessarily mean the discovery of every moth containing spores of 
Nosema homhfcis, for very mild infectious may be discovered only 
after prolonged searching. The whole point- of the method was 
that heavy infections could be detected by a very rapid examina- 
tion and only really heavy infections were dangerous. I believe 
that this is as true in India as in Europe ; pebrine is not a more .serious 
disease here than in the West — if it were the silk industry would 
long ago have clicd out. The routine method advocated by Past cur 
consisted m rubbing up in a mortar with a few drops of wat.er tlie 
female moth. A drop of the resulting eiiiiilsion was examined 
iiiiclor a microscope find if no pebrinc spores wcic found in n railed 
glance at one or two fields at most, the moth wa.s passed disease 
iree. ^ The “ blind application ” of this method in India consisted 
111 taking a moth between finger and thumb in a pic-e of paper 
and squeezing some of the Iimd-gut contents out and examining 
tln-^obvioiisly .something quite different from Pasteur’s rccom- 
meuclatiojj, and a method, which, needless to say, gave deploraljle 
results, fer the parasite is a tissue or cell parasite and could not 
be expected to be found in the lumen of the hind gut except m tlie 
case of extremely heavy infections. Besides, the contents of tlie 
mid gut are such as to make the detection ol pelinnc spores 
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ill them very difficult. The futility of this farcical “ application V 
of Pasteur’s method hardly required to be exposed, and its lack 
ot success certainly did not imply the failure of Pasteur's method 
for that had never really been toed. 

As the subject of moth examination was rather a delicate one in 
Bengal in the past I have been unable to trace exactly the historv 
of it. but it would seem that Mukerji's " adtiptation ” of Pasteur’s 
method held the field until about 1915 when Professor Lefroy 
and Mr. Hutchinson visited Bengal and began to inquire into .the 
question of disease. Whether this caused the abandonment of 
the above method of exanunation or not I do not know, but when 
I visited the Bengal nurseries m 1920 the paper method was not in 
use so far as I saw but in most nurseries the moths were being crushed 
by mortar and pestle in the fashion recommended by Pasteur. 
As I have said befoie, examinations weie not being well done, the 
pieparatioiis made while I was watchmg being far too thick and the 
ciushmg of the moths being very imperfect, partly no doubt on ac- 
count ot the softness of the body. It is highly probable that when 
no one was watching the preparations were even thicker and the 
ciushmg still less perfect. But strange to say. imperfect as the exa- 
minations seemed to be, the results, as will be seen from the census 
figures, have been wonderfully good. Now if reasonably good re- 
sults have been got in a comparatively short space of time by a 
very imperfect apphcation of Pasteur's method, it speaks yer}” highly 
for it as a practical scheme In Mysore moth examination is also 
done by crushing the moth in a mortar, but here the mstrunients 
used are of the Italian t}’pe and much superior to those used in 
Bengal, The preparations too Avcie very much better made though 
even here they were not ideal laboratory “ smears.” Eitlier 
potassium or sodium hydroxide m 2 or 5 per cent, solution is used 
instead of plain water. 

A second method of moth examination has been advocated by 
Hiitchmson (1920), and it is in use at Berhampore Central Nursery 
m Bengal This is a modification of Pasteur’s method for examina- 
tions for flacherie, and consists in extracting the gut of the moth ivith 
the small amount of surrounding tissues that may chug to it and 
smearing that in a drop of water on a slide. It is claimed that this 
method is capable of detectmg lighter infections than the other, and 
personally I much prefer it for ordinary laboratoiy examinations. 
Thick, “ messy ” preparations are not got in this way and the 
initial cost of mortars and pestles is avoided, the only cost being 
rough cheap needles in wooden handles. But sericulture is a 
commercial undertaking and not an acadeimo exjieriment. Many 
hundreds of moths have to be examined m a relatively short space 
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of time, so that speed of working has to be taken into account. 
The gut extraction method was tried in Sfysore and had to be 
abandoned for commercial reasons — ^it was found to be much slower 
than the mortar and pestle method and not sufficiently superior 
to warrant the expenditure of the extra time. By the crushing 
method about 600 moths ma}’- be examined in a day — ^this is very 
fast work and of course claims to detect only heavy infections, but 
compared with the rate of 1,200 which French examiners claim 
to have attained it is slow and careful — the gut extraction 
method about 240 per da}’ is the maximum number that could be 
done by one man for any length of time on end. It is true that the 
number of people employed in the mortar and pestle method is 
rather large — say. three in addition to the examiner, one to 
crush the moth, one to moke the preparation and the third to wash 
the utenisils — ^ivhile really only one is required by the extraction 
method in addition to the examiner, namely, one to wash the needles 
and remove the papers with the bodies bf the moths Still this 
extra labour is practically unskilled, children could do it, so that it 
is cheap. Where small numbers of moths are to be examined the 
gut extraction method is undoubtedly to be recommended, especially 
for maintaining the stock in a nursery, but in making a large gramage, 
I am afraid, it is not a sufficient improvement on the crushing method 
to warrant its being taken up. 


If mortars and pestles are to be employed the Italian system as 
used in Mysore is undoubtedly the best, and sodium or potassium 
hydroxide should be used instead of plain water. It is probably 
necessary for the sake of speed to put four or five jneparatious on 
one slide, but if this is done great care should be taken to see that the 
fluids from the adjacent preparations do not rim together. If cover- 
slips are used, very thin ones are not necessary and they should be 
small, not more than § of an inch square — square are cheaper than 
round — in this way several preparations can go on one slide without 
risk of their touching. The microscope should be u.sed upright, 
not slanting, when wet preparations are being examined. The 
table and stool— if one is used— should be carefiillv adjusted for 
the examiner who uses them, so that he can sit 'easily without 
straining his neck ^if the seat is too low for the table so that one feels 
mclinerl to tilt the microscope, cut a portion of the legs of the table 
or use a higher stool. Preparations should always be only a 
small drop of fluid is needed and it should not contain larae portions 
of the moths anatomy. Such small points as these are not so 
trivial as they seem. It is the little things that worry one and 
Ijsen one s speed m microscopic work. “Tips^’ such as these 
will suggest themselves to examiners os they worlc. 
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The examination must at all costs be careful and honest, ^’hat 
is the great point. Whatever metliod is used — and the best that 
can be alforded should be employed — eveiy piepaiation should Jjc 
made with the greatest possible caie and every examination should 
be ummpeacliablc. If a fanly high percentage of pebrine, .say. 
10 pel cent., is Jound in a lot it should be totally rejected. Efficiency 
of examinations is a thing that cannot be too stiiclly insisted on. 

In these \vay.s. by disinfection and nioie efficient exainmation 
the disadvantages attached to the nniltivoltinc woims can be to 
some extent Ic&.scncd, but it must be admitted that there arc these 
disadvantages and unless the above means are taken to leinove 
them, at lea.st m pait thcie mil be moic danger of infection in India 
than in a temperate countiy. first by diseased moths not being de- 
tected ill a hurried examination and second by any infection nliich 
may have been present in a reaiing house in one hind not having 
tune to die out befoic tlie next comes on 

The question of the enviionincnt of the silkworm m India is 
peculiaily difficult Undei this heading may he mclnded the climate, 
the food supply^ tlie type of loaiiiig house and the leaier himselL 
Thcie IS no doubt that all of these are of the utmost importance in 
the study of disease. We liave already seen that a hot, moist 
climate such as one gets in Bengal for several months in the year 
is not favourable to silkwoinis and is favourable to the lU’opagatiou 
ol diseases We have also seen that the bush mulbeiiy used is 
not so good as tree and that the amount of food given is often in- 
sufficient. The type of lioiise used vliile not so bad as some avouIcI 
like to make out is imiierfectly ventilated and lit All these things 
tend to make disease more easily spread and more serious m its 
results — but we haA^e also seen that most of these things aie capable 
of being impiOA'ed quite easily 

Here may be noted tlie i earing done from hnexammed seed m 
Pnsa and m Berhiimpore Central Hur.serA'- TJic seed Avas examined 
m March 1P21 and not again after that — the cocoons being selected 
merely by the eye The rearings at Piisa aa'cic done by my head- 
rearer, a man of the peasant class, and he did all work himself 
AA'ithout any supcrAusioii. The first bund AA'as reared in a jnilcln 
house but after that rear mg Avas done ni a Lvichn house. Cages 
mtectecl Avith pebimefor experimental pur jiosos Avere kept m the 
same house so that no special precautions aa’CIG taken to preA'cnt 
disease except that the worms AA^erc aa'cII fed and carefully and 
cleanlj' reared Practically no disease Avas got in any of the lots 
(Appendix lA and experiment 21, lots 4 and 4n[) 

But here we come to the ryot Imnself. Any improA’einent will 
haA’e to come through him and here is the real difficulty. The 
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I'C'PTer like peasants all the n’oiicl over, is sloiv to change and sus- 
jncioiis 01 ncAv things and he is as a rule terribly poor. It the 
bciiefils to he derived Iroin a change are very great he maybe 
induced to alter, but a senes oi .small iinprovcinents do not appeal 
1 o him. especially ivhen they entail the taking of a good deal more 
trouble. He seem.s, lio-wever, to appreciate the benefit ol disease- 
free seed, foi in this way lie iisiiall}’ gets a full crop instead of 
losing “ 2 annas ” or more. Other iinprovemonts while verv 
necessary are not so showy, and it will need prolonged and good 
]jiopaganda u oik to effect any change. 

Thus the question of environment is largely tlie (jiiestion of the ■ 
rearer. ‘Within the limits iinpo-sed by climate and the t3'pc of worm, 
which is really m main’ respects dependent on clini.ate too some- 
thing can be done to combat jiebrine so that it need not be a more 
serious post than in other countries, but. it will mean harder and more 
constant work and supervision. The human factor will be very 
important m India — more so than m more temperate countries. 
I’he Indian rearer has been much condemned for his want of care, 
his want ol cleanliness and his ignoiance — tailings which he evideiith’ 
.‘shares with .scncultui al workers in other tropical coimtiTc.s — and 
from wliat little I have seen of him I should fancy he would bo a very 
difficult per.son to convince of the error of an)’ of his ways, but it 
IS useless to approach him looking for faults. His virtues should be 
fought out and developed. There .is great room for and great hope 
in a really intelligent and .sympathetic propaganda in .sericulture, and 
if aindlimg is to be done toward.s imin*oviiig the environment >ji 
the .silkworm and altering those things that tend to make tropical 
seiTciilture more difficult and moie precarious than that in moie 
temperate lands it wilHiave to be done m this wai’’ through tlie rvot. 
for after all he ordains to a great extent the conclitions under winch 
the worms are to live. 


2. CHUNA. (TIUNA-KETE OR' CHHJT (MUSCARDINE OR 

CALCRS'O). 

Definition and diagnosis. The Italian name Calcino and the 
Bengali Cliuiia-lcete arc excellent de.senjitn c terms for cateipillai’s 
attacked bv this disease, referring as tlicy do to tlie ehalla’- or lime- 
like appearance oi the dead insect. Tlic onset of the disca.se is as 
a rule verj’- rapid, and relatively little warning is given until one 
finds dead worms in the litter. Careful observation, liowevcr would 
show t.liat gradually the worms become sluggish while the beatim* 
of the dorsal vessel or heart is said to become faster than noimaf 
A pale rose-pmk colour appears, first round the .spiracles usually, ' 
and later spreads all over the body just before death. The body 
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lio' Oinp- limp .nul “ loses it>: eliisticitv.”' Tlie animal ceases to move 
ami lapnlly ilie^ Affer death <he bodv heeoiiie^ iigid and nnim- 
imliod— U does not soften and becnnie rotten — and m a few hours 
It Is usually found to bo eovorcd with a white cHloiesr enre so tliat 
ir loii];s like a jncee of rhalk. If tlie armo‘<pliere is very diy howevei. 
the white ajijie.iinnee may not be got. Jf the dicease appears ]u^)t 
beloic the cateipillari aie about to spin tlicv may be able to make 
thf'ir eucoons but the moths will not emerge, and on opening the 
coeoons the pupm vill be found rovered with the white cllioreacence. 
'I’he appearaneo of the dead insects is so ch.iiactciistir and patent 
to the naked eye iliat no inicioscopic examination is necesbaiy for 
the diasnosir, of tins disoa‘>o. 

History of tlie disease. On account of the sniking appearance 
of cateipillais infected \Mth muscaidine this dKcase has been known 
for a vciy long time In the ticatisc of Olivier de vSerres on seii- 
^•ultiue already lefcnod to. thi-s disease is iccosiuzcd and jii the later 
\\iitmgT« It Is de^ciibcd fierpicntly. Despite the statement by 
Geoghegan (JSSO) that miisoardine ttas unknown m Bengal, it 
is most probable that this disea'^e — like pebrinc — i.s not of recent 
oriffin. 3Iukeiji ("Watt 180.3) icported in ISSS that muscardinc 
had ’* alway* been known in Bengal." As has non been known 
for neaily a centuiy, muscaidine is caused by a parasitic fungus 

History and life-history of the causal organism. In 1835 
Bas^ji demount lated that the white cilloicsceiicc on a cateipiUar 
that had died of muscardine n.'is really due to tlie spoie beaiing 
fiuits ' of a fungus or mould the vegetative portion of wliich 
foimed a net woik of filamentb or mycelium which penetrated 
the body of the infected catei pillar in all directions (Maillot et 
Lambeitj 1000). There aic said to be two species of organisms 
causing this disease — Bolnfiis lyi'snmin and Botrijtis (endJn In 
the case of the lattei the losy colour of the caterpillar attacked 
is deejier. more red. 

The disease is tiansniitted by tlie spoies which aie formed on 
the outside of a diseased caterpillar after its death The spores are 
globulai in form and somewhat sm.alier* and of a less refi active index 
than pebiine spores (Plate VIII. fig 4). They are said to remain alive 
for veiy long peiiods — for over three years under favourable condi- 
tions. It IS not necessary for them to be eaten by a caterpillar in 
Older to cause gerrainatioii if conditions of moistuie and tempeia- 
ture aic coircct they will gennmate on the outside of the body, each 


• Som** nutliOTS ^ay tint tl-e oporc? of mu'cnnlinc nro larccr than jicbrinc ppnrca Tlic 
‘'pori*" I Imie mcn'.iiii'fi wi rt on tlic .iilmcc about S id mdiauictCnthilc thcaxcirci forpobrino 
“Pure® V as about 4dp lone by All tUese spores wnre killed mrl ®tamcil TUemua- 

canlinc ®pt>n.s look Jir^’cr on account of Ibcir globular ■sLtipc 
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■spore piisliuig out a delicate fllameut wliicli penetrates into tlie body 
of tlie worm, often tlirougli the spiracles. Tlie^ filaments wliicli 
gain ,an entj'ance into the caterpillar body grow witli gicat rapidity 
and form a branching ‘‘ mycelium V which ramifies all through the 
bod)" of the worm, drawing its nourishmenfc from tlie living tissues, 
especially the fat body. The filaments produce club -like swcllhigs 
■or “ conidia ” winch in turn give rise to fresh filaments or niycelia. 
The body wf the caterpillar tlius becomes penetrated ni all directions 
with tlie fungus. The blood becomes scanty in amount, and very 
acid in ity reaction, as are all parts of the body includmg the usually 
very alkaline gut, and death of the caterpillar or pupa is rapidly 
brought about. AVhen the caterpillar is dead, the fungus piislies 
its spore-producing branches through the skin, and tlie out side of 
the diseased body thus becomes covered with a felt of white fihiinent.s 
which give rise to countless spores. For the fungus to develop 
Iroin the sjiore to t.he final stage of sjiore production and the attendant 
deatli of the worm attacked takes in JDuropc and in India during 
the cold weather, about ten days, in hot weatlier in India tlie course 
is much more rapid, only about four days being required for the 
complete cycle. 

A worm that has died from miiscardiue frequeiitl}’ shows some 
little time after death a veiy characteristic production of crysi.nls 
on the outside of the body. These are said to be ainmoiiiuin mag- 
nesium oxalate and are large and prominent. 

It 1-3 to be noted that niuscardine , like pebrine. is a disease found 
commonly in other insects, especially cuterpillars. Jn other words, 
BoUyti^. like Nosemn, i.s a common insect parasite and has doubt- 
less been associated with the silbvorm since its wild days. It is 
not a disease winch has attacked tlie caterpillar reeenilv and 
because of its domestication, although undoubtedly Iho conditiou.s 
of domestication have made the disease much more serious than 
it IS among Avild insects. 


Amount of the disease in India and loss caused by it. 
As uill be seen fioni Appendix II, ihe roarers iiillcuffal attribute 
considerable loss to niuscardine. During tlie firsi. part oi my 
cen.sus ex.amination (Appendix I) no niuscardine w.i.-! found, anil 
in ■^e cour,«:e of our tours tlu'ough the silk districts niuscai'dinc was 
at fii;st hardly at all in evidence. In .Alay a very few cases were 
unci 111 Ixashinir, In tSeptember, however, my second assistant 
louud a great deal of muscardiiie in Bengal, and mv census results 
m this hund show total Io.sses fiom this disease.' As a certam 

fV combiiiatiou is required for the propa- 

b t-ionoithis disease, this seasonal occiirrenee was to be expected 
Muscardme la a diaease that is peculiarly dependent on weather 
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conditions — tlier aie iavouiable the disease is rain 2 )aiit : if they 
are not favonrahle the disease haidly shows itself. Desjiite tlie 
fact that muscaidinc was found by me only during the latter jiart. 
of the 3 aius, there is no doubt that this is one of the most serious 
Ije&ts at least m Bengal The rearers usually calculate on losing • 
about ;1 of their cro}'i during the Sciiteniber or Isovember hiin^s 
but it may be much moie seiious and frequently the whole rcaiing 
is lost. 

TOat are the common sources of infection ? As infection 
is spread only by the sj^ores. an infected cateijiillar becomes danger- 
ous to others only after it is dead and covered with the white efflores- 
cence. The spores being on the outside of the dead body thev are 
Gxtiaordinaiily easily disseminated A reanng house and all the 
furniture may thus become veiy highh' chaiged with spores and so 
infect subsequent reaimgs. The wind and the hands and clothing 
of those attending on the diseased ivorms are the commonest means 
of distributing the sjiores to a dist-ance. Tlie disease is very conta- 
gious. and the hcallliiest caterpillars are as liable to be attacked 
by it as aie the less lobust The woims are said to he more liable 
to attack during the nioultmg qieriods. iMuscnrdme is not transmit- 
ted hereditaiily foi the worai'! attacked always die either before- 
.‘'jimiimg or witlim the cocoon. 

Methods of protecting worms from the disease, ■\^*hen 
mu.'scardiiie mokes it.s ajipeaiance in a rearmg house early m the 
learmg ]p®^od the possibility of the woims bemg killed out by the 
disease is vers’ leal especially in hot humid weatlier when the fungus 
develops most lapidh . It the disease does not reveal DtseK until 
oftei ilie fouit-h moult some oi the cateiqnllais affected may spin 
but few may give rise to moths. As soon as a diseased worm is 
.'^ecn m the littci. the Iiltcr should be changed ns carefully as ])ossihIe 
and the old littoi huiiied The tiavs and leaiing room should he 
si'iayed with 2-5 per cent foimahu the strongest that can he afforded 
— 1 pel cent while jierhaxis .^-trong enough foi loutine dismfect.ion is 
not deadly enough to cojic with an .active outbreak. Next, day tlie 
httei should again be caiefully examined and if any dead worms 
aic found they should be lemoved and burned and the littoi ag.ain 
changed As a loiitine. suljihiu* may lie huinecl in the icaiing loom 
daily loi sevciai dav.s m succession until no more diseased wonn^ 
aie discovcied — nboiir. an ounce of sul})hur mixed mth a very little 
saltpetre is sufticienr foi 100 cubic yards of .space, the loom hemg as 
tightly shut iij) as If a foi malm sjiray cannot be ii'^od 

snlphui may be bviiU'd mstead — one or two 2 >oiiuds of sulplnu mixed 
with a few ounce-: of saltpctie bemg burned for every 100 cubic 
aids of space Tiobal ly such luocecdings could not be adopted 
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by a ryot — it might be too costly or he might object to the trouble. 
In this case the likelihood of checldiig the disease is slight. The 
rearer should be induced to clean the litter frequently. The smoke 
of green wood is said to be helpful and might be tried, and the house 
and furniture, especially the trays, should be smeared with cow- 
*dung. mixing the dung if possible with 2 per cent, formalin. Great 
care should be taken in the disposal of the litter, which should lie 
burned at once. If the attack is bad the clothes and person of those 
attendmg the worms should be carefully washed, lormalin water 
being emiiloycd if possible. The habit of the lyots in preventing 
strangers, especially when disease is prevalent, from visiting their 
real mg rooms is very sound and doubtless helps to prevent the spread 
of diseases like muscardnie and jiebrine. If eggs have been kept 
in rooms in which an outbreak of niuscardine has recently occuri cd or 
in rooms neai which there was an outbreak, it is advisable to wash 
the eggs in 1 pei cent, lormalin and then pure water, before they 
hatch. Good ventilation and an adequate amount of lighting in 
the rearing house are excellent preventatives. 


Do conditions in India make the disease specially danger- 
ous or difficult to check? The high teniperatuie and humi- 
dity prevailing in India, especially in Bengal and Assam, for several 
mouths in the year make mnscardine especially deadly in this 
country. . The conditions arc eminently suited for the germinal ion 
of the spores, and the lile-cycle of the fungus at the same time can 
be completed m t hree or four days. The careless habits of the Indian 
rearer and the great difficulty ol disinfecting the hitcha build- 
ings add to the difficulties attached to checking this disease. That 
tins pest, has not been more destnictivc m the past is doubtless due 
to the fact that during the rearmg j^eriods the conditions are not 
always suitable for its spread— either the air is not moist enou^li 
n hen the temperature is right or the temperature is loo low when 
the moisture content of the air is favoiirahlc. The disease, although 
a ^ eij dongeroms one, can be cliecked if it is caught in time or at lee st 

wideband fr-om infeetiiig 
average rearer does not worry much aboiif 
little niatt,eis like these. “ Darbiess. stagnant air, dirt excessive 

sr* sirs'?,-" »•, *'? “i* “■* 
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distressed at the occurrence, hut that did not prevent then leaA-ing 
dead worms lying in the litter or throwing the litter, when cleaning 
tiays anywheie outside to help in the spread of the disease The 
matter is admittedly difficult, lor the rvot cannot afford to spend 
money on disinfectants — could not the sericultural departments 
help here? hut surely he could change the litter frequently, biirn-*^ 
ing it and any dead Ai’orms. If he will not helji himself ni very sunple, 
though somewhat lahorious, ways little can he done to assist hun. 
It IP interesting to note that in this epidemic the better rearers 
seemed to he suffering less than the more careless ones. 

3. KUJI (FLY PEST). 

Definition and diagnosis. Damage such as is caused by the 
silIcAVdim fly to silkwoims is not always regarded as “ disease ” 
in the strict sense Doubtless when the ]5aiasitc is large enough 
to he seen with the naked eye one is tempted to look upon it as one 
large animal preying on another and not as a case of disease caused 
by a parasite. Yet the maggot of the silkworm fly is as true a 
paiasite as the ifl^inont of 2<oscma homhjcis or the mycelium of 
Botiylis lias&iana. and the iniiiiy it causes is as much a disease in 
one case as in the other. We shall, therefore, I’^eiy briefly consider 
it heie. 

Wonns attacked by this parasite show a A’eiy prominent black 
wound-scar at the point where the maggot has entered the bodi’ of 
the cateipillai This u'ound remaiiih ojieii and forms the entrance 
to a sort of cliainbcr through which the niaugot gets its supply of air. 
This jirominent black scar is so characteristic a icature that it. alone 
is sufficient foi diagnostic pin poses One caterpillai may harbour 
three or even four maggots and still live for some time As a lule 
woims are attaclcod only Avhen they have jrassed the 3rd or -fth 
moult. If the destruction of tissue is gieat the caterpillar will 
not spin a cocoon^ but if no i^eiy serious damage is done bi' the time 
of ppnimng the cocoon will be spun but the moth Avill never be 
formed. Further, the cocoons thus got will be useless for reeling 
as they will probably be pierced by a small hole thiougli ivliich the 
larwa of the parasite makes its Avay in order to reach the ground to 
pupate. 

History. I have lieen unable to find any data referring to the 
sillcworm fly m the past — ^that is to say prior to the latter half of 
the 19th century. As it is unknown rn Europe this is hardly to be 
wondered at. 

Life-history of causal organism. The Bengal sillcivorm 
fly — Ostxra heugoJeusis {Tncolyga hombycis) — ^belongs to the Tachi- 
. j^d group of the true t'wo-wmged flies or Diptera. It is found only 
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m Bengal and Assam. In Japan a wmilar fly is found known as 
TJghmja so icaria, and in Cliiiia Siam. etc., anotlie]- closely related 
form Tacliina nistim. Toyama (1906) is inclmed to the heliof 
that this last also oebur-s in India. The naming of all these flies 
seems doubtful, and I have used 1 he names t hat are given m the difler- 
ent books and papers without verif 3 ’ing them so that they are po.s- 
sibly not the correct ones. It is considerabh’ larger than a house 
flj' and is prominentlj’- striped in black and grey. It is veiy active 
on the wing and makes a penetrating buzz as it flies. Copulalion 
is said to lake place in the air. and the iemale produce.^ about 200 
eggs. These are laid on caterpillars, being stuck on to the out«-ide 
ot the skill.’ The egg is white in colour and though small can he 
detected by the naked eye. It hatches iii about 15 to 20 Jiours 
and the maggot which emerges, eats its way into the tistue-: of 
the catei pillar. The maggot lives on the ti.csiies oi the silkwoim. 
espeaally the fat body, and as mentioned above derives its supply 
of air from the outside tliiougli the hole made hv the maggot oii 
entering the caleipillar. 'J’he larva lives m the caterpillar jo° about 
seven daj’s and then proceeds to make its way out of the catcipillai , 
If the caterpillar has spun in the meantime it. cuts throiigJi tlie cocoon 
and reiidei.^^ it useless lor reeling. The maggot makes for the giouiul 
and selecting a soft portion buries itself about, an inch below the 
surface and there pupates. The pupal st age lasts about t on oi twelve 
da^’s and then the fly emerges ready to'cany on a fresh hfe-cvclo 
The times occupied m the various stages depend, of coiir.se. oii the 
temperature, etc. According to Cleghorn the piijiai hvbernal e rhii in-r 
the cold weather. For further details oi the lifd-Jiistorv rca.lei? 
are referred to tlie papers ol Cleghorn. Sasaki and Toyama.' 

Amount of the disease in India anil loss caused bv it. Jt 
IS vciy difficult to estimate accurately the amount of dama^re ’done 
by tins pest Our census returns show that the fly may be^uacti- 
cally absent from some rearings wJiile others slibw 40 per cent 
uitoion (Appoadicea U and IB). A great deal probablv^dcpands 
on the care and skill of the rearer. It nnust be admitted tliat on 
the wliole the fly is a very real danger causing a large .ainoiint of 
damage each year, and that, while the whole crop i. mrelv lost In* 
nf ? possible that on occasion.s a.s much as about one half 

of a rearing maj' be ruined through its ravan-es. Tlie 
mass o± maggots to be found sometimes undei^ a heap of stored 
Milage cocoons is a sight not easily forgotten and a vpt-v ' 
proof ot the prevalence of the 
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wlule they ma}" not he understood in all their dei ails — ^vhat diseases 
are ?— they do not present any ver%’ baffling problems to Hie seri- 
cultiirist On the other hand the diseases which we now have to 
study are of rather an obscure origin and there is little real agree- 
ment among investigators about them. Several diseases may be 
grouped under the above heading but there seem to be only two 
mam types', Flacherie and Grasserie — all the other diseases are jn’o- 
balily to be referred to one or other of these two well marked groups. 

(a) Kalshira {Flacherie). 

Definition and diagnosis. The external symptoms of 
flacherie are well marked. They usually appear only when the 
worms are full grown and are just about to spin. The worms 
become sluggish and then motionless. The fsocos are very soft — 
almost liquid — and the anus is soiled by them. Vomiting may be 
got, the vomit being usually a clear bromiish liquid. The motion- 
less bodies, which often hang head-down wards Jroni a twig attach- 
ed by their anal claspers, rapidly become very soft and discoloured 
— the blaclcening usually beginning in the middle of the body in 
front of the prolegs. Finally, the body becomes all blade and 
putrid and falls into a liquid condition. There is a peculiar sickly 
odour associated with this disease. If a caterpillar showing the 
preliminary symptoms of flacherie is dissected, the gut will pro- 
bably" show an amount of uudigesled leaf in it and what is more 
characteristic, the peritroj)hic membrane will be found to be thick- 
ened, soft and easily torn, and slightly opaqne. The presence of 
numerous bacteria — diplococci or bacilli — may frequently be demon- 
strated but them iiresence doe.s not seem to be by any manner of 
means so constant in India as in Europe. 

History. Such arc the typical .sjnnptoms ol flacherie, and as 
they are sufficiently strildug the disease was recognised by the 
earlier ^^Titcrs on sericulture and described by them. It is ques- 
tiouable if we know much more about this disease tbaii, say. the 
Abbe'de Sauvages, who uTote m 1763, despite the fact that a con- 
siderable amount of work has been done on it. Pasteur (1S70) 
demoustraied the presence of bacteria in cases of flacherie, and since 
his day the French workers have been wedded to the Iheory that 
flacherie is an infectious or at least a contagious disease.' Other 
workers have, since Pasteur’s time, busied themselves over this 
puzzlmg plague with vaiying success, and there is now a tendency, 
in some quarters, especially in Italy, to regard the disease as not 
cniitagioiis. The Japanese workers have been particularly ener- 
getic in recent years in their researches into flaclierie. hi India, 
according to Mukerji (1899), the disease has always been known. 
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Causal history of the disease. According to Pasteur there 
•vreie lour organi'^ms to he distinguished in cases of flacherie. Tliese 
are now classified by most French workers into two groups 
(Maillol el Lambert lOOG) '' Ferment eii chapelets de grams " and 
“ vibiions." These may be more simply referred to as a strepto- 
coccus (fS. homhycis) and a bacillus. The first is said to be an 
organism causing fermentation and the second one causing putre- 
faction Pasteur's idea wa.s that owing to certain more or less 
ill-defined causes, tlie food in the gut of a caterpillar was not .pro- 
perly digested and the fermentation organisms which weie present 
on the leaves multiplied and gave rise to flacheiie. The disease 
could also be lirought about by feeding caterpillars on the juices 
from bodies of diseased cateipillars Fuither. woims that were 
produced from a reaiing tliat had suffered fioin flacheiie were 
believed to have an heieditaiy tendency to flacherie Such aie 
still the beliefs of the Fionch school — the disease is highlv con- 
tagious it IS caused by the oigammis described bv Pasteur and 
it IS moic or less hciitable 

The Italian school as I understand it, while admitting the 
presence ol the bacteiia do not attiibute the clisea‘>e to tbeir action. 
The cbscase is caused by >omc disturbance of the caleiiullai s ineta- 
lioli'sm and the bacteria flounsh m the favourable medium supplied 
by the already diseased gut — thev aie a consequence ol the 
disease, not a cause. The disease is not strictly speaking, 
according to this view, contasious or heritable 

Several Japanese woikei.s have woiked on flachene and. as far 
- as one can judge,, their findings point to severe f bacteria bemg im- 
plicated m ihe charge of caii'-ing flacherie — “ flacherie is caused 
not by any special bacteiium but by several which occui eonimoiilv 
on mulberry leaves" (Sawamura 1005). But of all the bactena 
the}* deal with the most rlcadlv is what thev call the )Sotto 
bacillus " or tlie ‘‘ sudden death " hacillus — identified by them as 
BnciVvs mcffatcnvm De Baiy. or a vanet}* of tlus species, indeed 
Aoki and Cliigasaki (1016) distinguished Bacillus sotlo as a distinct 
species having definite cultural oharacteis and especially agglutina- 
tion reactions. The pathogemcit}* of this bacillus foi silkwoims is 
shown in many experiments, but the peculiar thing about it is that 
young cultures or broth cultures of the oiganibin did not harm 
silkworms much under normal conditions— it was only old cultures 
on agar that caused sudden death. 

The Japanese workers have isolated mimeious other bacteria 
from mulberiy silkworms or from mulberrj' leaves, including" 
Sfrepforoccus homhycis and Stfcpiococcvs itinus (Sawamura, 

1902-03), but those were found not to be pathogenic under ordi- 
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nary circumstances — only when the temperature was high. Thu.s 
their work avouIcI seem to shoiv that under normal circiimstaiices 
the oi’gamsms which are supposed to cause fiacherie do not cause 
this disease, hut under abnormal conditions certain bacteria seem 
to bring about the disease. 

Most, ol the Avork on fiacherie has been done on uuh’olline Avorms. 
so that it AA’as necessary to test those difi’erent A'iews on the iniilii- 
voltinc AA^orms of India. In the first senes of experiments (Experi- 
ment 23) caterpillars AA’cre Jed on juices from caterpillars that liad 
died shoAAung symptoms of flaeliciie. In all cases the iiiaterial led 
contained laige numbers of the organisms tyjncally associated AA'ilh 
fiacherie. As AA’ill be f-ccn. the death lale .iniong these cateipillar.s 
AA’as fairly high, but in the majority of ca.scs A’ciy foAA' bacteiia Aveie 
recoA’cred although the dead AA-onns .showed symptoni.s A'cry lilce 
. those described lor fiacherie in unh-oltmo AA-onns. The impre.s'siriii 
got AA'as tliat the groAA-lh of bacteua followed upon the serious 
digestiA’c disturbances induced In* feeding the calcrjnllar'' on moh 
unsuitable injunons .substances 

An outlireal: oi fiacherie among the itluga Aiorms in Assam 
afforded an abundant siiiiply oJ luirteiia isolated fiom tvpir*al 
cases oi this disease. Theie were iiA-o orgnni.'.ins piesent in abund- 
ance in tlie cultures made trom the nnricrial collected. Tlieso 1 
haA'c called Bacillus yl and Jliciococcius a. The.sc A\-oie led to 
Nislan and Cliliotapolu A\-oi’nf« both m mixed cultures and in puie 
cultures, and not a single case oJ fiacherie ic, suited (E.xpcniiieiit 
24.) 


In Ivashniir uiiiA’oltine AA’orms of J*’rencU origin AA'crc found 
suffering from typical flaclieiic. A AuiriclA* of organ I'-m.'- aa'cic 
isolated tram these. All Avere bacteria tliat had alrcndv been 
isolated from innllieriw leaves, or the air. or henliliv c aterjnllai.s 
or cliseased Miiga AA’onns Some of the.se oiganiMiis' Bacillus .d. 
Bacillus 0 and ilJicrococcub o, aa’ci'c ted to Nistari worms 
(ExpeLinieiiti 25. lots D— 1 2). One case of fiacherie resulted in flie 
lot fed on Bacillus J groAvn under aiiaciobic c ondiiimi.s. 

Similarly, bacteria i.solatccl from a niotli aa'IiicJi shoAml maiiv 
bacilli on examination, from imilbeiry leaA'e.s and JiealiJiy caior- 
pillaiAs were fed to normal caterpillars, ‘ In the lot of Ninai'l worms 
led on Bacilhis B trom the moth (lot U) one caterpillai died .'^howincr 
external symptoms ot flachcnc. hut no bacteria were piesent in 
the gut. Among the moths Avhidi rc.snited Jiom tliese cxpeii- 
mental lots a fcAA' died shortly after emerging and one tailed to 
emerge— some of them shoAi'ed liacterin, some did not 

Thus under normal conditions multi volt ine worms do not seem 
to become infected w;th fiacherie to any extent, even Avlicn they are 
fed heavily on bacteria, some of AvJiicli at least, as we sliall sec 
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liealtliy almosplicre tend to suffer from flaclieric. If tlic guts of 
caterpillars kejit under- these conditions be examined, tlie pcril.ro- 
phic membrane will be found to bo .somewhat thickened and 
slightly opaque, and the gut content is distinctly less alkaline 
than in caterpillars reared under healthier surroundings Tested 
by Clark and Lub'iMndica tors (Clark. 1920) a normal gut ■=prT= 
9’8, while the gut of a worm in a hot moist chamber pH=S'4- 
8 8. This IS a clear indication that the damage is being caused 
by an unfavourable enviromnent — the growth of bacteria doubt- 
less follows on this and intensifies the trouble. The bacteria, 
however, cannot be called the exciting cause of flacheric. This 
is undoubtedly due to some disturbance in the surroundings — 
the b.icteria always piesent on the mulberry leaf are given an 
oppori.imity to multiply and the second stage of the di-sease is 
brought about, but tins stage does not necessarily result until the 
caterpillar attacked is dead or almost so, for diseased caterpillars 
shomng signs of the external symptoms of flacherie do not alwa^’s 
have bacteria m their guts m large numbers. On the other hand, 
if a batch of worms begmmng to show symptoms of flacherie be 
kept under observation and examined as the time goes on, an 
increase in the number of bacteria in the gut will usually be noticed 
a.s the external symptoms grow more marked. 

The bacteria which are associated with flacherie are limited in 
number, normally two only being common. Thc.se are what I 
have called Bacillus J and Micrococcus Bot.h are frequenth' 
found in caterpillais which are obviously sufferiug Jrom flacherie, 
but only the first seems to be capable of actually inteiLsifyinir the 
disea.se when fed to worms (E.xpcriinent 20). Moths .suilcrin" 
from what is often called fiacherie in India — that is to sav. the 
presence of bacteria on examination for seer] selection— ncurlv 
« almost pm-e cultures of a bacillus ncailv related to 

A details. This I liove called' Bacillus R 

A tlnvd.--BaciIlus G— is sometimes found in caterpillar.s .sufforiiifr 
from flacherie. It, was more common in the nnivoltine worms in 
Ivashmir. I wo other micrococci— labelled d and c by me— are 
a/so toimd 111 diseased worms but iii small numbers.' Perfectlv 
Healthy mulberry worms may show any or nil of these l^acLeria: 
ana thc 3 are present in abundance, but esjiecially the micrococci’ 

“-“'I 

1C iniciococci again being ino.st prominent hci-e. Thus all the 
bacteria 'recovered irom caterpillar.'! suffering from flacherie are 
inmon forms which can be isolated from ordinarv niulbcri-v leaves 
and healthy caterpillars. I am in complete accoi'd S SaUnm 
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completely. On tlie otlier liand the worms that showed symptoms 
of disease had an acid gut (pH=2‘6). 

A considero.tion of the work of the various Japauese workers 
and of the few experiments which I have made leads one to lay 
stress on certain points. (1) Under healthy conditions silkworms 
are not capable of being infected with flaclierie by any of the or- 
ganisms isolated from caterpillars that have died of this disease. 
(2) Tlie organisms lound in the caterpillars suffering from flacherie 
arc common free-living bacteria that are normally always present 
on mulbeiry leaves or m the air. (3) The conditions necessary for 
infection seem to be a high temperature combined with a high 
humidity. { 4 ) The gut contents of a caterpillar suffering fi’ora 
flacherie are always less alkaline than in a healthy caterpillar. 
(5) The gut contents of a caterpillai subjected to high temperature 
and Immidity are less alkaline than in a worm under health}' condi- 
tions — indeed they are of the sanie alkalinity as a worm suffering 
from flacherie — but' no bacteria or very few bacteria may bo found 
m these worms. 


These facts seem to justify one m coming to certain conclusions, 
riachcne is not caused by any one bacterium although certain 
forms are more commonly got in diseased worms than others, and 
experiments seem to show that these few bacteiia when fed to cater- 
pillars 111 large numbers and under certain conditions of tcnipei’a- 
tuie and limnidity tend to produce flacherie very readilv. 8ymp- 
toins exactly coiTespoiiding to flacherie are somefimes got liy 
subjecting caterpillars to treatment which lessens the alkalmilv of 
the gut. and in these cases bacteria are frequently not pioseiit in 
the gut Under these circumstances it cannot be said that, flacherie 
is an infectious disease in the strict meaning of the (enn. 


There is obviously a close connection between dcci’ca.scrl alkalin- 
ity of the gut and flacherie but it is not at all certain that, bacterial 
growth IS the cause of this. Indeed the absence of bacteria in 
some cases would rather militate against this view, ft is sini- 
jiosed that a high temperature and humidity are favourable condi- 
tions for bacterial growth, and these, producing certain live-products 
reduce the alkalinity of t-he gut. But it seems to me that the 
6 Vifl 0 nc 6 sl)ows Tcilher tli6 allvuliuily of t-lie gut is iGSSGiicd l)v 
some disturbance in the metabolism of the caterpillar/ and that 
this gives the bacteria normally present on the leaf a inedium in 
which they can multiply very rapidly. The caterpillar in the first 
instance may be said to sufl'er from " acid indigestion Jn some 
cases tins may even cause death without the inter vent.ion of anv 
bacteria , normally, however, a multiplication of bacteria ^ollo^^ 
upon this lessenmg of the extreme alkalinity of the gut— fermenta 
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tion and putiefaction are set up in tlic gut and tlie caterpillar 
rapidl)’ dies 

The question of the pioduetion of toxins by the hacferia which 
thus multiply is not an casv one to settle. Pawainma (l')02-03) 
was of opinion that no toxin was produced the damage hems 
caused by such simple products as “ aininoiiia termed by prolein 
decomposition, or of nitiites iormed fiom nitrate contained m the 
leaves, or of acids produced from the caibohydiates." On the 
other hand. Aoki anrt Chigacaki (191 G) have shown that If. inqia- 
tdunn bomhjfcis producc.s a toxin nhich is veiy fatal to silkwoiins. 
TJiese two workers found that a six days old agar cultiue of the 
bacillus produced under normal chcmnstanccs almost instant death. 
i^Iy experience doc.« not agree with theirs, for none of thcbacteria. 
which T isolated from disiased woims produced any effect on 
nornnl woims under normal conditions even when the cultures 
fed were G days old or more (Experiments 25 and 20) In this 
ray findings .ne comparable with Pawamiua’s. It is possible 
that Aoki and Chigasaki liacl a particularly virulent strain of 
B meqafernnn. 

T have refeired to certain cases of “ flachcrie ’ hr which bacteria 
were not dcmonstiated Probably some niiteis would not admit 
that the term is correctly used — ^the presence of bacteria being 
necessary for a coirect diagnosis. Personally. 1 believe that tins 
view — that of the French woi leers — is rather exti’eine, and I would 
incline more to the view ol the Italian seiicultiuists that the bac- 
teria are not the exciting tniise of the disease but a consequence 
of an abnormal condition of the gut. This " acid indigestion.” 
as I have called it may even kill off weekly ivorms The symp- 
toms are the same a.s those for flacheiie— vomiting, diaiihoia, 
thickening of the peiitrophie membrane and brown colour of the 
gut roiitents Discolouiatiou of the body may he noted— the 
brown gut contents serving to acooniit for this at first. Alter 
death ofcomse thcie is inultijilicatiou of bacteria in the gut and 
finally putrefaction accompanied by blackening ol the body. 
Worms showing these symploms are. I believe, correctly diagnosed 
as suffcimg from flachcrie even if bacteiia cannot he demonstiated. 
While this is so, it must lie admitted that the multiplication ol 
bacteria usually got as consequence of this digestive distiu-bauce is 
so characteristic a featui'e of the disease, that the jnesence of 
numerous bacteria without any al the ordinary symiitoms of 
flachene would justify one in condemumg the worms or moths as 
suffering from flacherie — it being token for granted that this multi- 
pheation of the bacteria is a clear indication of the nictabolie dis- 
turbances winch -we have called acid indigestion. 
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Amount o£ the disease in India. While fiaclierie is respon- 
sible for very heavy losses in European and in Japanese senciil- 
tural establishments, it is not a verv serious pest among niiilti- 
voUino worms in India. In Kashmir when umvoltine worms are 
reared, it frequently causes serious loss but in my tours in India 
I have rarely seen many cases. In Appendix IT it will be seen 
that theie are certain numbers of rearers who complain of 
flacheric, but on the whole Mulrerji’s opinion that in Bengal 
flacherie is regarded as less injurious than pebriue, muscardine 
and grasseric is still correct. In the census results — Appendbe I 
— a large percentage of flacherie will frequently be found. It is 
doubtful if these figures represent the true state of aifairs liowever. 
If bacteria are found in a moth on examination it has been put 
down as flacherie In many cases however, the moths fliavc died 
previous to examination and the bacteria present, are those nor- 
niaUy found in dead moths — dead moths were frequently examined 
in order to make recoids of pebrine as full as possible. The pre- 
sence of large numbers of bacteiia in a living moth ma}’- possibly 
be an indication that, the caterpillar had been attacked by flacherie 
in a mild form and 1 have accepted that idea, but after all it is 
flacherie in the worm that is the miportant thing, and if the death 
of worms from this cause is not so common as death from other 
diseases I do not thmlc the rather high percentages found in some 
ot the oxaininations of moths need cause ranch alarm. I cannot 
find any good evidence in favour of regarding flacherie as a heril - 
able disease (Experiment 27 A). 


The common sources of infection. As I have tried to show 
abo's e, flacheiie cannot, strictly speaking, be called an infection^ 
disease. The French scricnltiirists maintain t-hat it is infectious 
and the two bacteria which t.liey claim to be the cause of flacherie 
may persist in a, rearing room Irorn one year to tlie next and so 
cany on the infection. We have seen, liowever, t.liat the food of 
the caterpillar constantly carries these bacteria, so that this must 
be taken as the common source oi the bacterial infection when it 
IS sot. It is possible that the dust from on old rearing room may 
cause flacherie, but this is probably to be explained Iiv t.Iic diges- 
tion being upset by the dust and the bacteria normally picsent in 
the gut getting the opportunity to multiply to an abnormal extent 
M. however, the bact.eria arp regarded as being organisms of infect 
tion, we must look upon the food supply as the source of dancrer 
rather than upon tbe dust whichmay be present in a rearing romn 
Irom the previous rearing. 

Methoas ot protecting tlie worms from disease. Even 
thoc-e wlo allot tne most miportant part' n this disease to (he 
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bacteria are quite clear upon the point that some initial distur- 
bance i*; necessarj’ in the caterpillars befoie" the disease can start. 
Theie aie many causes which aie blamed for tins metabolic dis- 
tiirbante. such as careless hanclhn" and conservation of the seed, 
bad food, overcrowding bad ventilation, etc. To me it seems that 
the mo^l important factoi is the temperatiu'c-humidity one. When 
both temperature and humidity are high then fiachene is to be 
expcclecl. I would lay the greatest stress on ventilation and pro- 
per '.pacing of the worms. It may. howevei, be safely assumed 
that whatever makes foi the geneial health and well-being of the 
woim will help to pievent flacherie. 

To attcmjit to keep the woims from ingesting the inciimi- 
nate<l baiteria would be fruitless. Attempts have been made 
(Canni) to feed worms on dismfecled leaf but the woiias so fed 
shnwcfl much more di.'sease than those fed normally, The.dis- 
inletlion of rearing rooms is alwav? to be commended, but I am 
veiv doubtful il it is of much value m connection with flacherie. 
In fiance 1 or 2 per cent, foimalin is being used for this purpose. 
In Kashmir the learing houses are not disinfected at all. and they 
seem to be no more — if as much —subject to flacherie than in 
France itself. 

Do conditions in India make the di.sease specially dangerous 
or difficult to cheek ? Flacherie is not of very great importance 
m India despite the fact, that tlie climate for several mouths in 
the year might be c.\pecled to be extrcinelj' favouiable to its 
development. The multivoltine woim, as 1 have shown m my 
expel iments, is evidently very resistant to gut diseases of this 
type Po'Sibly many ceiiluries of .somewhat seaichiiig treatment 
have eliminated all but the most lesistant laccs Umvolline 
worms reared in the plains of Bengal alongside oi multivoltine 
worms, ill the >ame room and undei the same conditions, tend to 
die ofl completely from flacherie. while the native ivoims do not 
suffer at all If the univoltines are fed on tree mulbeny they do 
not suffci bO seriously, and if great caie is taken it is quite possible 
to rear univoltines fiom Euiopeauseed The point is, however, 
that the multivoltme worm can .stand the normal Bengal condi- 
tions while the imivoltinc cannot— we are iheielore justified m 
a.ssummg that one of the chief leasoiis that flacherie is not very 
important in India is that the Indian worm is very resistant to 
thi.s disease. According to Mukcnji, “ the principal causes of 
flacherie do not occur in Beugal." These are .—{a) “ seed gettmg 
spoilt"— ill the multivoltine worms seed is kept for so short a 
period that it is not likely to go wrong. (&) " Hereditaij' tendency ’’ 
— owing to the habit of the Bengal rearers in seeing the woims 
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spin before buying the cocoons, the seed cocoon seller connot sell 
to him w’ithout his Icnowmg if the cocoons arc from a lot that had 
shown flacherie. a thing that is quit.e possible m France. It is 
very interesting to find that Pasteur remarlcs m this conned ion, 
“Si ]■ ctais educateur de vers a soie je ne voudmis jamais clever 
une groine nee de vers que je n' aurais pas observes a mainles 
reprises, dans les dcrnicrs jours de leur vie.” Thus Iho practice 
of the Bengal rearer in taking cocoons instead of eggs has an emi- 
nent authority in support of it — at least in port, (c) Overfeeding 
of u’onus “ — a fault — if it is one — ihc Bengal rearer will never 
fall into. According to Mukerji (1899) flacherie is common in 
Mysore— at all events more common than in Bengal — and all 
because they feed their worms more liberally. I can find no con- 
firmation of this. AVhen I was in M 3 'sore I saw no cases of flacherie 
and I was told tliat flacherie was not of much importance. In 
my experimental lots when the feeding was much more generous 
than in Bengal I never had any flacherie. (d) “ Wet. sweating, 
deny and tennented leaf'” — according to Mukerji the Bcngai 
rearer is veiy particular about this point, preferring that tlic worms 
should starve than that thej" should bo fed improperly. Whalcver 
the real reason may be, it seems an undoulited fact that in India 
the disease docs not seem to be particularly dangerous — at all 
events it is less so than in Europe. Any advances in the improve- 
ment of rearing methods will natuially help to check flacherie. but 
oi course, as usual in silkworm diseases, once the disease lias ap- 
peared little or nothing can be done to check its immediate pro- 
gress. 


(6) Hansa, l atka or Salpka {Gatiine or Lucetles)* 

There are a number of difi'erent names given to a variety of 
very ill-defiucd diseases a few of ivhich arc given as a heading, 
ihey are all so badly de.’?cribed that it is practically iinpot'^ibTe 
to eliect. a proper diagiio.sis In Bengal the rearers' occasionally 
comjflnin of ‘ salpha ’—very rarely of any other trouble ol this 
sort. 8alpha. meaning translucent, is evidently tJic same thing as 
the lucettes or ‘ claiicttes ' of the French sericulturists. The 
most characteristic fcatiue in worms attacked by this disease is 
their tmnsluccnt appearance due to the almost complete absence 
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History of the disease and its causation. Being a disease 
marked veiy characteristic symptoms, grasserie has long been 
known to sencultiinsts, and accounts of it are to be found in the 
publications of the earlier writers on sericulture. Certain workers, 
chiefly Bolle and Prowazek have tried to prove that a protozoan 
parasite was the cause ‘of this disease, but their work 
lias received no confirmation and is not generall}' accepted. It 
seems evident that this disease is probably due to some metabolic 
distiu’bancc, and for this reason I have classified it along with 
flacherie. Polyhedral bodies — the most characteristic symptom of 
grasserie — are found in silkworms that have been attacked by the 
fly ]iarasite or that are suffering from some other disease common 
to silkworms, such as flacherie or pebrine. If worms arc carelessly 
fed, esjiecially if they are given mature leaf first and tender leaf 
aiterwards, or if after a period of dry weather showers of rain are 
got, making the leaf very succulent and watery after being very 
hard and dry — this factor can of course be of much importance 
only ill Bengal where the bush mulberry is cut down every hund 
— if the respiration of the worms is interfered with in any way by 
closing up the spiracles, if the air in the rearing room is damp 
and cold and ventilation is defective, then it is said grasserie may 
be expected. It is not, however, an infectious disease. 

Amount of disease in India. Miile grasserie is of absoliifely 
no imporf ance in Europe it is quite a serious pest in India and in 
the East generally. As will be seen from Appendix TI, the rearers 
in Bengal almost without exception complain of the ravages of 
this disease It is said to be important also in Madagascar, !!l^’ench 
Indo-China and -Tapan. In India it occasionally assumes grave 
proportions and may cause heavy losses in a rearing. As grasserie 
IS a plague found only in caterpillars, it does not appear in our 
census oi cocoons. Further, in my toiu’s in the silk districts T hove 
found only a few isolated cases, so that one might tend to look upon 
it as relatively unimportant. This must not be done, however. 
It is probably one of the important destructive factors in Indian 
sericultiu’e. Rearers estimate that they may lose as a rule 
about 7} of their crop from this disease. 

What are the common causal factors ? We have noted 
above that grasserie is not an infectious disease, but that it is caused 
by unsuitable food or laulty ventilation. It is also a sequel of 
certain other sillcworm diseases. 

Methods of protectmg worm froms disease. As grasserie 
is the result of bad food or insufficient .ventilation or some pre- 
disposing disease, any improvement m rearing and the general care 
taken of the worms will help to prevent an outbreak. TOen the 
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silk-glaiid is very lieavily attacked (Plate II, fig. 1), so that fre- 
quently no silk or vciy little j»ilk is produced. In the case of 
the progeny of diseased moths the offspring are often very veakly 
u'ithout shoAving very much infection themselves. There again 
silk ma}’ not Ido produced, or if it is, the Avorni may be too Aveak to 
make a cocoon. This so-called “ disease ” then is nothing hut 
an indication that the Avorms are greatly debilitated usually — 
practically ahvays, if there are many cases in a rearing — ^from the 
effects of pebrine. Mukerji (1899) mentions that lali is more com- 
mon in February and March owing to the leaf at the season of the 
year being " AA'anting in nutrient properties but he points out 
that ‘‘ AA’hcu any considerable loss takes from this cause it should 
be put doAA'n to latent pebrine. Worms reared from seed free 
from pebrine arc seldom affected by raugi.’’ 

As AA’ill be seen from Appendix II — note especially lots 1, 2, 3— 
Lali is complained about by the rearers to a slight, extent, chiefly 
b}^ those Ai’ko rear village seed. If good seed AA’ere used the trouble 
Avould probably be of even less importance. 
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It isj however, only the rot diseases that cause really serious 
loss to the muga rearer. I was fortunate enough to be able 
to study an outbreak of flacherie which occurred in the neighbour' 
hood of Titabar in March 1921. The external symptoms were 
■tjTical. The bright green colour of the worm became dulled and 
it gradually ceased to feed. The faeces were semi-liquid and many 
worms were vomiting a brown, clear vomit. The body became 
very flabby and death ensued. The worms just before death and 
for some little time afterwards hang downwards from the twigs 
attached to them by the anal prolegs, gradually turning quite 
black and sooner or later dropping to the ground, all tlie organs 
and tissues dissolved into a putrid black fluid. When the gut of 
recently attacked caterpillars was examined it was found to con- 
tain undigested leal, or very often a brown, soft, somewhat jelly- 
lilce substance The pentrophic membrane was lliickencd and 
somewhat opaque. As a rule the blood in these caterpillars vas 
rather scanty in amount. Strangely enough, bacteria were not 
found 111 any numbers under the microscope excejit when the worm 
had been some time dead and decomposition had set in. On cul- 
tivating gut contents, however, numeroii.s colonics of Bacillus A 
and Micrococcus a were got with a very few colonies oi j\Iicro- 
coccus 6, In smears made from the gut of still living worms a 
small number of micrococci were seen and a very few bacilli. 

The two chief bacteria isolated from this outbreak of disease 
were fed to seven different lots of mnga worms on thiee different 
occasions (Experiment 29). The results were very confusing. 
In tbc first place the controls all showed a ceilain amount of 
disease, the sjuiptoiiis being llio.'te of flacherie, and in mo.'.l of these 
cases bacteria were got in the gut. The iiiuga woims used in tlie.'.e 
experiments were all reared inside the hiborator>^ on branches of 
mexankuri” {Lxisea ciimiu) placed in bottles of water witli 
cotton wool stuffed into the neck oi tlic bottle round the stem 
to prevent the worms from leaving the branches. For worms 
accustomed to an open life the conditions were not ideal, and it 
K surprismg that they were as healthy as they turned out to be. 
ilie method of rearmg was doubtless responsible for the disease 
among the controls. The gut of a muga worm feeding normally 
m the open IS strongly alkaline (pH =9-8). The worms which 
1 reared 111 the laboratory were much less alkaline, showing the 
same hydrogenion concentration as many of the mulberry woima 
fcrot in the hot moist chamber (pH=S-d). Fmthermore.’llic con- 
O S and the ones that showed obvious symptoms of flacherie were 
of the same degree of lessened alkaUnity. The fed lots then could 

wat disease; the point io deteiminc 

was, weie they more diseased than the controls ? On the whole 
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results caunot be liopcd lor at once, ljut this is certainly a very ini' 
portant line ot investigation and should be thoroughly exjilorccu 
The ease ivitli whicli inuga n’orins seem to i.ake llacherie might, 
possibly point to some weakening of natural resistance, and all 
methods of increasing this resistance should be tried. 

The question of attempting to completely domesticate the nniga 
caterpillar is a very interc.stmg one. In Basil s report (I91 j) it is 
said that there is no record of this having heen done. 1 have dune 
it on a very small scale in Kalimpoug. hut I vei)’ much doiiht if 
the results so far got justify the continuance of the experiment. 
The worms I reared, although they .spun cocoons, were not iiarti- 
culniiy liealthy. and it must be remembered that any wcalcnc.'ss 
will probably be intensified by the rather unhealthy life iiidqois, 
while parasitic diseases wjiich are at jirosent relatively of liltlc 
iinpoitaiico. would get- an oppoilunity of floiii isliiiig. It seems to 
me tliat. the muga industry can best be seivctl by an infylligont 
modification of the method.*, already in use. li tlic muga is ically 
a very mixed race, as has been suggested (;Sfcc iootnotc. p, SO) it 
would undoubtedly be advisable to try to breed true races. 
These might be more reliable than the iirescnt inixtnicR. It. is a 
point tliat should be investigated. 

jMuga worms arc also said to suffer Irom grasscrie — called “ phula- 
rog *■’ in Assam. I have not conic aciws any muga woiius suffering 
from this disease, but from the & 3 ’mptums given by Basil (1015) 
there can be no doubt about the diagno-sis. On the ivhole it .seems 
to be of much loss importance than flacherie, only .31 co.cc.s hoing 
given in the appendix on disease in that icport a.s conipaiccl with 
124 cases of flacherie. In Ajipondix V of the fcame rojioil theie is 
a note on grassene in which the loss is given as 4 jicr cent. In 
tins appendix too the jiolyhcfhnl bodies characteristic of gia^seiic 
arc said to he oval and dilfcrcnt from the cry.stalloid.s found in 
cases of grassene in ot-her .silkworm.s. The disca.'so is also said to 
be contagious. Thi.s last statement is extremely doiibtlul. and I 
should also doubt the opinion that the jiolylicdral hoclie.*? of gras«pj'ie 
in muga arc difl'erent from those in other .silkwoinis aflcctcd with 
grasseiie. As I have not seen an}’- case.'* of grasseiic in muga, 
however, I cannot express an absolutely autliont,ativo opinion. I 
think it may pretty .safely he taken, however, that if not exact 1}* 
the same as gras.sci’ie in other worms it i.s for all jiracticiil piirpose.s 
similar — brought about by food and temperature condilioii.s and a 
sequel to other disease.^ ju.st as in the case of the mulbcrn’ worm. 
It is a disease in the same class a.s flaclicrie, not infections or heri- 
table but directly or indirectly traceable to climntie cbiiditioii.s. 
Improvements in the rearing of the worms .such as have been 
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touched on above should serve to lessen the frequence and seventy 
of attacks of grasserie as well as of flacherie. 

The report on "The SiUc Industry of Assam” byEaiBhupal 
Chandra Basu Bahadur, which I have had occasion to quote above, 
contains a large amount of inteiesting and valuable lufoiniation on 
silkworms and their diseases in A^sain, and can be confidently re- 
commended to any wlio wishes to go into the subject of the muga 
worm more fully 



IV. A NOTE ON DISEASES OF THE ERI WORM (ATTACUS 

RICINI). 

During mj investigations, tiie Eri worm seems to have heen 
singularly free from disease. I received no notice of any di.'^eases 
having broken out among them, and my enquiries made to (he 
Assam Scricultural Department have always lesultcd in the inior- 
mation that the worms weic in good condition and showing little 
disease. The eri worm has been studied in some cousideralile 
detail by Lefroy and Ghosh (1912) during an extended experiment 
at Pusa, so that I have felt there was little to be gained by going 
over the same ground again. In the report published hy the.se 
workers and in Basil's (1915) rexiort a great deal of useful inlormn- 
tioii will be found. I wish here just' to make a few remarks on 
their findings regarding disease. 

Parasitic diseases are got but with the exception of the “fly 
pest, which seems to take a heavy loll in Assam, they do not seem 
to cause the rearers much trouble. jMuscardinc and pebrme were 
both got but they aie not factors of much importance. I cannot 
agree, however, with the opinion of Lolroy and Gho.sh (1012) that 
the absence of actual disease (pebrine) makes the examination of 
moths iinncccssaiy. Noseina homhycifs is a pniasite of the eri 
worm, and while it may not cause disease it. ought to be eliminated 
as far as possible. In Basil's report, it. i*? st.atcd that an e.xpcnment 
in rearing eri worms on a large scale at Kamniji in lSS(i by the 
Deputy Commi.ssioner came to a very untimely end through pebiinc. 
It is possible that the disease was not correctly diagnosed or that 
pebrine was not tlie sole cause of the disn.stor — it would be I'atber 
strange if this isolated epidemic oi pebrine Iind occuired and no 
other similar case was known — but lie that n.s it. mav, ovciy pic- 
cantion should he taken, and cerl:iiiily in roaihig seed cocoon.'* in 
Government estahhshment.s only examined .seed .should be lused. 
It would not be ncceibsary to examine t.hc seed is.'siicd to rcaieis, 
if tbc stock were kept, sound. 

.Tii.st as in the case oi the muga woini, it is the rot disea.'jcsthat. 
seem to be of importance in the eri iiiduRtry and lierc too it i.'; 
flacberie that causes the greatest loss — giasscric i.s said to be lela- 
tiiC'l}' unimportant. The flaclieric rcjiorled fioni the eri worm 
'Rould seem to be the same as that from the muga and niulboriy 
worms. In Lefroy and Ghosh’.s report it is said tliat tlicdisoa.se 
lias being investigated by the Imperial Agricult in a 1 Bactoriologi.st, 
but far as I know nothing was published on the subject. ] 
isolated the bacteria pre.sent on castor leaf and in the gut. of a 

{ 80 ) 



8G 


RErORT OX THE DISEASES OP BILKWORAIS IN INDIA 


liealtliy eri caterpillar, and found tliat Bacillus A and Micrococcus 
a were present, the micrococcus being very abundant. Lefroy 
and Grhosli (1912) arc therefore quite wrong ni sajdng foclioic 
as sifch does not exist m eri, nor could it.'’ Those workers seemed 
to think that the “ Strejitococcus and the “ Vibiio ” found in 
mulberry worms were special bacteria and as such could not be 
present in eri As Sawamura (1902-03) has shown the oigauisms 
found in cases ol flaeherie arc common free living forms. These 
occur also on castor leaf and m eri ivorins. From what I can find 
out the disease is the .same in every way as in the other silkworms. 
It .seems to be caused too, by unsuitable food, so that in its early 
stages at all. events it is a soii- of indigestion and may be avoided 
to a great degi’ee b)’ care m rearing, but here again we are •' up 
against ’’ climate in the long run. so that the trouble is very 
difficult to control 

On the whole the eri worm seems to he the hardiest and 
healthiest silkworm with wliich we have to deal in India. As I 
hove said. 1 have been unable to see any cases of disease, but that 
IS far from saying that disease does not exist The accounts of 
diSGtise given in tlie various reports or books on the subject that 
I have been able to consult, however, all point this conclusion. 
Attention, too, may bo drawn to the exoininatious of eri ivoims 
given 111 Appendix I of Basil’s report. Tlie examinations of moths 
made in my census leturns — Appendix 1 H — also sliow that 
such diseases as can bo detected by that examination arc of slight 
iinpoitance 



V. A NOTE ON DISEASES OF THE TASAR SILKWORK 

(ANTHERAEA MYLITTA). 

I liave been unable to obtain anj’' exact information about the 
diseases of Tasar silkworms or to obtain an}' sjiecimens of tlic same. 
Indeed the tasar industry is so imperfectly known and so little 
organized that it is practically impossible to get an}' satisiaclory 
inloimatioii about it. Soinelliing is given by Lefroy (1910) in Ins 
report but ]ust sulKcient to demonstrate the practical nnpossil)lity 
of doing anything in ilie matter. This insect belongs to tlie same 
genus as the muga worm and has mucli the same mode of lilc, it 
is therefore to be expected that it might suffer from the same 
diseases. Mukerji (1899) states that those worms suffer from 
flacherie — he dosses the muga worm as a tasar worm and his 
remarks apply to all known Indian species of Avtheraa alike. 
There arc several vernacular names oi diseases of tasar woims 
given by Lefroy (1917) in bis report (page 189. Appendix). 
The meaniug of' oulv two seems to be clear . in one case the name 
means a form of cholera, and in the other that, the worm turns 
black. Ifoth might very well he symptoms oi fiaclierie. In the 
absence of any really reliable information on the subject oi the 
Indian ta.sar it is impossible to make a salisfactoiy sloteinent. 
As the worm i-s hardly at all domesticated, at best less so than the 
muga worm, and as it is grown or collected as a rule in the jungle 
b}' aboriginal tribes, any inquiry into the diseases of the woim 
lyould be of the greatest difficulty and when made would lie of 
little except academic value as practically iiotliing could be done 
to control them. 
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VI. CONCLUSIONS. 

It IS extremelj’ diflicult to make any satisfactor}* generaliza- 
tions regarding silkworm diseases in India. As I have alieady 
pointed out, there aie five distinct diseases to be considered and 
tliree geneia of moths involved, besides climates and peoples as 
different as are to be found within the same compass in the world. 
What may be tiiie in Bengal will not necessaiily hold m Mysore 
— ^ivhat is correct for mulberry worms is not necessaiily so lor 
muga. There are, it scorns to me, five important questions that 
demand answers. 1 What diseases are found in India ? 2. What 
amount of disease is found and what loss is caused by disease in 
India ? 3. What are the chief causes of diseases in India ? 4 Can 

disease be contiolled in India ? 5. Has disease caused degenera- 
tion of the worms in India * These questions have all more or 
less been answered in the preceding pages, but it may be well, 
beiore mailing any recommendations, to summarize these answers 
shortly. 

1. Wliat diseases are found in India ? All known silkworm 
diseases are found in India I believe that the different diseases 
found in one genus of silkworms m India aie the same as the 
different diseases found in the other genei a The paiasitic diseases 
arc certainly the same and the rot or unit diseases seem to me to 
be exactly alilcc — the symptoms are the same, the same^ organisms 
can be isolated from the diseased wonns. and the origin of the 
diseases is the same. 

2. What amount of disease is found and what loss is 
caused by disease in India ? The amount of disease vanes 
greatly according to the kind of worm, and the season of the vear. 
Mulbcriy ivoims are most subject to disease and en least subject. 
In mulberry worms the paiasitic diseases aie the most important. 
Ill muga tile rot diseases, and in eii probably the fly. At tunes 
tlie whole rearing ma}’’ be lost from'pebiine. inuscardine or flacheric 
As a rule, in mulberry woims the reaieis used to reckon on losing 
about one hum! in five, and they may still do so if they use 
unexamined seed. On the average even with examined seed they 
frequently lose up to 2o per cent, of a crop — ^their usual estimate 
lift ing “ 1 to 2 annas.'’ It is almost impossible to decide what 
proportion of this almost constantly recniring loss is due to actual 
preventible disease and what to bad rearing, imderfeeding, over- 
crowding, etc. In connection with this point it must be remem- 
bered that the rearers in their estimate of I to 2 annas loss do not 
count the poor quality of cocoons spun, that is included in my 
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estimate o± 25 per cent. loss. Amount of disease and loss from 
disease are very nearly the same thing in India — ^in the case of 
pehrine and sometimes imiscardine the worms may spur cocoons, 
so that all is not lost but the quality of the cocoons -will usually 
in these cases be very poor On the whole it may be estimated 
that in unexammed seed the amount of disease may vary from 
100 per cent, to about 25 per cent. The loss from disease may 
be about the same. In examined seed there may be practically 
no disease ol a preventible sort (pebrme) or at most a very low 
percentage, but inuscardiuc, grasserie and tlie fly may take a heavy 
toll — up to 50 pel cent, or even more — and there is a constant loss, 
at tunes 'rising as high as 25 per cent,, due to climatic vagaries and 
bad rearing. 

3. What are the chief causes of disease in India 1 The 
most deadly silkworm diseases in India arc pebrme and mwscar- 
diue. These are extremely infectious and are caused the one by 
a protozoon, the other by a fungus. Now, while the spores of 
these organisms are the actual ageuts hy which these diseases are 
transmitted, it cannot be denied that, to some extent at least, there 
are other factors involved. In the forefront of these are to be 
placed the lack of Icnowledge and the want of care shoAvn so com- 
monly by the Indian rearer. While sound seed will do mucht it 
will never coinplotoly compensate for bad rearing, and if the seed 
IS not of the best careless rearing will make the yield of cocoons 
infinitely woi’se than it might have been. I am well aware tliat 
poverty IS to bo blamed for much. The ryot cnimot afi'ord to alter 
Ins rearing house to secure jrroper ventilation and he has not the 
money to spend on disinfection, but he need not overcrowd liis 
worms or underfeed them however poor he may be. Hero there 
is a fundamental failing shown, and one’ that is not confined to 
the Bast, for it is seen in Europe though to a less degree. Unfor- 
tunately the Indian market does not seem to demand the best 
cocoons — it is quantity and not quality that counts — and while 
that is so, there will he no real mducement to produce a smaller 
quantity of first grade cocoons rather than a large quantity of 
poor grade stufi. 

The climate, at all events in Bengal and Assam, is another 
^tent factor determining the outbreak and spread of these di.seases. 
High temperatures cqmhined with high humidity are not favour- 
able to silkworm rearing, nor are droughts followed hy downj^oiD'S 
of rain. These climatic disadvantages are particularly noticeable 
ill connection with the rot diseases, and indeed I am of the opinion 
that these diseases are more or less directly to be referred to climatic 
vagaries. But we have also seen that pebrine is more dangerous 
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in times of tlie liigli temperatures and liuimditv. w'liile muscaidiiie 
demands sucli conditions before it can evince itself to any appic- 
ciable extent. 

Still another, tbougli less obvious, cause is to be found in econo- 
mic conditions. I have already said that povertj" doubtless keeps 
the lyot from undertaking unprovements. but an economic reason 
such as a big drop in the price of silk may be the ultimate cause of a 
big outbreak of disease. This, as we hove seen, was doubtless the 
cause for the great amount of disease m Bengal about 1875. While 
the increased production lu Europe about 184.3-50 was the icasoii 
for the terrible plague of 1850-70. Examples might he multiplied, 
but perhaps enough has been written to show how many and 
various are the factors governing the origin of disease. ■ 

d. Can disease he controlled in India ? There is no doubt 
iLal diseases can be fairly efficiently controlled m India, although 
it IS admittedly more difficult m a tropical country than m a tern- 
peiate country. Pebriue can be kept from becoming epidemic, and 
if all rearcis could be induced to talce examined seed it iionld be 
almost stamped out. The ravages ni mu&cardme by adequate 
ventilariou and dL<?infection of the leaiing houses could be kept 
greatly in cbeck and outbicaks could be kept liom assuming very 
serious propoitions by caiefiil learing and hy takmg immediate 
piecautionary measures whenever the iiist dead woims weie found 
The flv can he kept at bay by netting wmdows and doors oi othei- 
WLse guaidmg against its ^entrance into the icaiing looms The 
lot diseases aio admittedly inoic difficult j\Iuch can be done 
bv careful leaiing and efficient ventilation, hut thcie will always 
be elements that cannot be lonti oiled in icgard to these diseases, 
so that complete mastery over them cannot, at all events at pre- 
sent. be expected. 

Disease. I have said can be to a ^jicat extent controllccl liut 
only be it iioT.ed. under ceitam condition'.. The practice of using 
examined seed must be made umvoisal and impioveineuts must 
be effected in the i earing liouses in the i earing methods and in 
the cultivation of mulbeiiy If these coiiditions aie not fulfilled 
the disease question must ahvays leinaiii unceitaiu. and iicquent 
and heavy losses will undoubtedly l)e the lot of the unfortunate 
rearer. 

5. Has disease caused degeneration of the worms in 
India ? Lefroy in his report iioints out that the Indian woims 
liave not degeneiated accoidmg to the opinion of several expeits 
*Cocoons produced by diseased worms arc usually very mfenor. and 
if dis'ease is always present the cocoons will always he bad. It 
has been proved in Cambodia that even when breedmg from highly 
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diseased (pebrinised) parents lor several generations no real de- 
generation is got, and my results have confirmed this. Eemove 
the causes of disease and the inferior cocoons will disappear. Of 
course, it must not be forgotten that, under given climatic condi- 
tions, a certain quality of cocoon will be produced for any parti- 
cular race of worm — ^that, of course, has nothing to do with disease 
hut is a purely physiological matter. 


o 



VIL RECOMMENDATIONS. 

AVe Iiave seen undei the various sections outlie difiei'eiit diseases 
tlie measuies that cau he taken to co^ie vitli them, and it will he 
recognized that there is no panacea in seiicultiue. The problems 
are those of preventative medicine and as such can be solved only 
by careful and jiatient work. There are two great points to be 
aimed at — (1) the production of sound .seed, and (2) the iiniirovement 
of rearing Both are equallj" important, and to attain one with- 
out attempting the other would give us much less than halt the 
battle The two should go hand-iu-hand. 

At present the only souice of supply of reasonably disease- 
free seed is the Government nursery. As we have seen, the cj^ualit}’ 
of the seed produced in these establishments is remarkably good, 
and they have in the past done a very valuable service to sericul- 
ture in India and will, doubtless, contmne to do so in the future. 
I do not think, however, that it is desuable that the operations of 
the nurseries should be imduly -extended. Doubtless, it would 
never be found profitable to produce all the seed ieq[Uired in any 
district in Govermnent nuisenes, but I am of the opinion that, 
before extending the nursery system further, an attempt should 
be made to get the rearers to produce disease-free .seed themselves. 
The reasons for this opinion are simple. ^ATiile tlie Government 
nunseries produce good seed they do not. at present at all events, 
greatly lorward good reaiing, and luithermore, as seiicultnre is 
eminently a cottage industry, it would be well if seed piodnction 
could be fostered as such. It would also ultimately probably 
efiect a saving of 11101103' to Government if reaieis jiroduced disease- 
free seed themselves. 

Peisonall}'. I should like to see the da}' come when rearers pro- 
duced all the disease-fiee seed requiied in aiy district, but I fear 
the idea is too idealistic a one foi India An attempt might, how- 
ever be made to induce the better sort of leaier to go in for the 
thorough disiiiiection of his house to take his seed fiom a Govcin- 
ment imrseiy and to be a little more geneious' 111 spacing and feed- 
ing bis woims. The cocoon.s thus produced could be coufideiith' 
sold as high grade seed cocoons If the practice of taking eggs 
held in the district, the moths on emerging could be exammed and 
then qnaliti' thus assured If. on the other hand they were pur- 
chased as seed cocoons it would be known that the}' weie of a 
much higher quality than ordinar}' village stock, and they could 
thus be sold with a sort of Government guarantee. Indeed, if 
these reaiei's could be got to submit to a certain amount of super- 
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vision, C4overnnicnt might even bu)’’ then’ stock and resell it to the 
rearers or at all events guarantee the man a good XDrice, for we 
have seen that examined seed reared in good surroundings picks 
up little or no disease. The scheme is inerelj' that of the “ selected 
rearer” — a scheme which has already been tried but which has 
not so far proved a great success - I admit that it is beset with 
difiiculties and opens avenues to dishonest}", but I think it should 
be tried on a small scale at all events, for I feel that only by en- 
couraging good rearing can we really hope to advance veiy much. 
The seed producer is the best and probably the most intelligent 
rearer, so that by concentrating on him it will be found if any 
improvement is to be expected. The details of any attempt along 
this line will, of course, have to be worked out locally, as customs 
and habits differ so from province to province. The idea is, how- 
ever, to help and encourage the best type of rearer to produce 
seed ot such a high grade quality that other rearers seeing th‘s 
may strive to improve themselves too. 

It will probably, however, be found a very difficult task to con- 
vince any adult rearer that his methods are capable of improve- 
ment, so that it may be found most profitable to try to influence 
the children. In order to do this schools might be attached to 
certain nurseries where in addition to a little elementary education 
a good deal of instruction in sericulture might be given. By the 
employment of models and pictures the life-history of silkworms 
and the diseases to which they are subject might be made real!}’’ 
interesting and impressive, and one or two simjilc feeding exjieri 
ments could be made to demonstrate to the dullest the dangers 
of disease and had rearing. 

Having trained children m schools it would be fatal to allow 
them to slip back into the bad practices of the villages, so that 
some means ol helping the pupils afterwards should he devised. 
Here the selected rearer might be uselul. While probably he 
would object to showing his methods to outsiders, he could be held 
up as an example of what improved methods led to, and it he 
were getting a higher jirice for his cocoons and a surer yield, it 
mighty he a strong argument for improvement in others, further, 
some touring might he done by the Government sericiiltnral officeis 

among the villages round their nurseries and heliD and advice could 
thus be given. 

I am very douhtiul if the village, rearers will ever be capable 
ot exammmg the moths for seed selection microscopically. The 
vork IS not difficult but it demands qualities that 1 do not believe 
they possess. Besides, the price of microscojjes is .such that tliey 
could not afford to purchase them and Government could certainly 
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not give them away. It will probably be necessary therefore for 
all seed examination of this sort to be done by Government 
examiners who might also be the officers selected'to tour in the 
villages. The attempt made in Bengal to issue microscopes to 
learors does not seem to me to have given any promising result. 
This need not, however, in any way inteifeie with the pioduction 
of disease-free seed by the villagers. If they found that the micro- 
scopie examination of seed was a thing to be desired, they might 
bring their moths to an examination room in a nursery or a mem- 
ber of the niirseiy staff miglit go to the villages to examine the 
seed. 

If the r3’ot is to make any advance m sciiculture, he must spend 
money on disinfectants, on lenewing the stands and trays after a 
big outbreak of disease, on altering liis house, where possible, to 
secure better ventilation. Ho cannot afford to spend this money 
in most cases — indeed he docs not have it to spend. It will there- 
fore be nccessaiy to arrange to supply the money somehow-or-other. 
Probably, it could be obtained through co-oiierative banks, but 
found it will have to be before progress can be made. Another 
point may be noted hero. I have been told that village rearers 
would sometimes prefer to have Government nurserj’’ seed in 
Bengal, as they recognize that it gives a better crop, but that they 
cannot got it advanced to them by Government and so buy from 
the village cocoon seller, who will give the cocoons and take pay- 
ment in the future. Here again a co-operative society would be 
of real assistance. 

The Government nurseries will, of course, continue to distribute 
disease-free seed. It will be impossible for them to slacken any 
efforts in this direction for a long time, if ever. It is perfectly 
possible that it may be found impossible to get the village rearers 
to improve sufficiently to satisfy Government requirements, in the 
event of which it would probably be found advisable to extend 
the Government nursery system. There are two points to be 
noted in this matter — ^first. Government seed must be absolutely 
the best in the district, and second. Government must not under- 
sell the local seed-producer and so take his trade away from him. 
Government seed should be worth the top price and it should 
take it. By keeping up a high standard tlie seed-producers will 
be induced to produce the best article they can in order to com- 
pete with the nursery stock, and any attempt on the part of Gov- 
ernment to undersell them would be fatal to the best interests of 
sericulture. Not only would underselling probably kill out the 
village seed-producer — ^the man we most want to keep gomg, for 
he IS the best rearer — ^but if the rearers got cheap seed they would 
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very likely not appreciate it liowevei good it was — they would 
rear it carelessly because it was cheap. And again the latter state 
would be worse than the former. 

The Government nurseries should be run as nearly as possible 
in a way that the village rearer could emulate. For this reason 
I am opposed to any elaborate fittings or expensive buildings. A 
certain amount of experimental work should, however, be done in 
some of the nurseries, but that should be of quite a simple nature. 
The difi’erent varieties of food plants should be tested and the best 
selected : various methods of cultivating these, including manuring 
and pruning, should be tried : the optimum amount of food, space 
and light in the rearing house should be determined ; improve- 
ments in rearing-house furniture should be tested and new pieces 
and methods devised. 

Another point that will have to be considered will be the pro- 
vision of stock for the nurseries themselves. Probably, it will be 
necossaiy for one nurser}' to keep the stock going during the whole 
year for all the other nurseries. In any case this stock should be 
of the very highest grade. It ought to be selected from the best 
cocoons in all the nurseries so that in-breeding is avoided. Jt 
should be carefully watched during the caterpillar stage for a great 
deal about the health ol the race can be found out in this way. 
And finally the microscopic examination of it should be of tte 
most careful sort — the gut extiacfion method as advocated by 
Mr. Hutchinson should certainly be used for the selection of the 
seed in this case. 

•It is essential that the officers in the sericiiltural clepaitmeiils 
should be in touch with modern advances in sericulture, and for 
this it is necessary that they should have access to the hteratiue 
of sericulture both past and present day. This literature is of a 
very considerable volume and difficult to get — ^practically none oi 
it IS m India. It would be impossible for any one sericiiltural 
department to get it all. Perhaps, here the Imperial Government 
might help. There is already a nucleus of such a libraiy in Pusa : 
this might be added to and the provinces encoiu’aged to borrow 
books from it._ A small catalogue of these works might be pre- 
jiaied. containing not only text-books but references to papers in 
journals. In this way there would be a method whereby 
all who were interested could get access to the literature. 

It IS also very desirable that sericultural officers should see how 
tJiiiigs are done in other provinces and countries. For this reason 
they should be encouraged to \nsit other sericultural organizations, 
both m India and especially in Madagascar. French ludo-China and 
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Japan. Perliaps. scliolarsLips miglit Ije given to assist tliose desir- 
ous of widening tlieir outlook and increasing tlieir knowledge. 

The question of centralization. Tlie idea of an Indian Silk - 
Institute with a Central Seed Supply Station is e3ctraordinarily 
attractive, and one winch I would fain declare myself in favour 
of hut the more I see of Indian sericulture the less feasible the 
scheme appears. I am not in a position to pass any opinion on 
the commercial side of the question — ^il might possibly be advan- 
tageous to have a central oiganization connected inth dyeing weav- 
ing, etc. — lint at the outset I must declare emphatically against tn 
central seed supply station. JTo one central station could ever 
supply efficiently all India with seed. Of course, such a supply 
could not he for the ryots — that would he an absolute impossibility 
— it would be a source of seed for the different provincial sericul- 
tiiral departments to draw on, hut even so the conflicting interests 
of the various provinces and distiicts concerned, the great variety 
of seed that would have to he kept going the difficulties m arranging 
adequate supplies to satisfy the demands fiom widely sepaiated 
parts ot India at the correct tunes, the practical impossibility of 
selecting any place for such a station that would he suitable for 
all varieties of worms and within easy reach of any part of India, 
are only a few of the objections that rise m one s mind when the 
idea is considered. In any ease it is obvious that a single station 
would be useless — it would be folly to have all one's eggs in one 
basket. Some unforeseen accident might destioy a large pait ot a 
crop, so that at least two stations would be required, some distance 
apart, to lessen the danger tiom this 2 iossibility And when two 
stations, why not more * Each district would doubtless want 
one. 

And here we come to the real fundamental objection to centra- 
lization. India IS too va^t a coiintn' — its diversities of conditions 
are too great — ^its reqiiireiiienls too varied. A central seed siqiplj’ 
station to be adequate would have to have a section devoted to the 
demands of each silk distnct, and for such a section to be really 
successful it ought to be in that distnct. There is no reason what- 
soever why a central station should be called into being to supply 
disease-free seed. That can he produced in each distnct for its 
own use probably much bettci and cheaper than in an all-India 
concern 

Owing to the present state of public finances I believe that 
only the most urgent expenditure should be undertaken. The 
important thing to do at present is to attempt to eliminate disease 
as much as jpossible and to improve reaiing. Until this is done 
or until money is more plentiful it i.s most unprofitable to spend 



PEPOUT ox J he diseases op SlLK'WOlUlS IN INDIA 


07 


anythiug on such work as hybridizing. The results up to the pre- 
sent have not justified any fuither expenditure until ample iunds 
are available, and liesides the best hybrid would give pool results 
if disease were still rampant and rearing bad. 1 am not opiiosed 
to hybridization experiments, but to conduct them adecjuatel)’ if* 
expensive and to do such work inefficiently is futile. All available 
money should be used to try to improve sericulture in the Aullages. 

I have not considered the qnestion ol legislation in connection 
with sillcworm diseases, as I do not beheve that anything ol A'alue 
could be enforced. II rearers could be obliged by law to use ex- 
amined seed, to disinfect their houses and adopt hettei rearing 
methods the question of disease would he easily solved ; but that 
cannot he done — it must all be left to the persuasive powers of the 
sericultura I department s. 

Ultimalely. however, we mnst coiue back to the real deter- 
mining factor in tlie question ol disease in silkworm? — the human 
one. It is a question oi men. I believe that the liiture of seri- 
culture m a veiy real way lies in the hands of the olliccrs in the 
sericultural departments. They should be natives oi the 2 >rovince 
in which they work, so that they may be alile to converse ivitli the 
ryots in their own tongue and to understand tlieii characters, 
customs and prejudices. They should be men of eneigy, common 
sense, integrity sympathy and nnderslonding, rather than tiained 
scientists — there is not a great deal ol science necessary lor success- 
ful sericulture; diseases can ho controlled only by persuading the 
ryot of the error oi his ways and helping him to mend them. 
To attain this end the officers must gain the conliclencc oi the rearer.? 
fir.?t and foremost, and to do this will demand the type ol man 
I have sketched. The success ni the woik will depend Jaigely on 
■the officers. 

But the ryot will have to play his pait. That the peasant of 
India is willing to adopt new things il they all’ord siiJliciont induce- 
ment, the substitution of the old wooden sugar mills by the newer 
iron mills practically all over India -wonld tend to show. But- the 
inducement must he large. Will ho he ready to take more trouble, 
to exjiend more enei'gy in obtaining only small increases in his 
gains ? Many hard things have been f^aid about the Indian ryot 
and his methods, a few oi which I have quoted ; I wish to cite here 
two opinions both expressed by Indians. The lirst is Mukorji’s : 
“ It is, however, vain to expect that- silk-rearers generally will 
abandon their present methods m jn’eterence for others more 
rational, when they "will come to understand the uat-nie of those 

diseases Instead of asking them to alter their ivavs it is much 

easier to organize a method of circulation of liealthy seed and 
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effect improvement of tlie silk-mdustij" in that way."" The second 
is Basu’s : “ The rearing of sillcvorms in Assam is surrounded hy 
an amount of prejudice and superstition which io an outsider 
seems incredible and which may prove a serious obstacle to any 

improvement that we may try to introduce It is true 

that the Assamese ryot is, as a rule too laz}* and at the same 
time too well off to exert- himself for improvmg his lot in life."' If 
these opinions are correct the future oi sericulture in Bengal and 
Assam is not very bright. In other parts of India the human 
material may be better — ^moi e susceptible to improvement, I am. 
however, optimistic enough to believe that even Bengal and Assam 
are not so ♦hopelessly bad. Given time improvement may be 
possible but the task will admittedly be a difficult one. 

To 1113' mind the problem of disease 111 silkworms in India is 
not primaril}’ one of caterpillar or climate it is one of men. If 
the right men can be got to fill the posts m the sericultural depart- 
ments and if the lyot shows himself to be capable of progress then 
the sillc iiidustr}’ can lie more or less freed from the bm’den of 
losses from disease. If India caimot siipph' those fit to lead and 
advise and if the peasant cannot change his ways then no genuine 
improvement can be expected. 

There is no panacea in sericulture. There is no straight road 
to success. Disease can be conquered onh" b}* honest and careful 
oeed selection coupled with the adoption of modern means of dis- 
infecting and rearing. If the ryot with adequate Government help 
cannot be induced to adojit these simple measures his sfaf e is in- 
deed parlous The matter lies in the Lands of the peojile^of this 
country If the}' tail, it will be thiough the defect of their oun 
character — if thc3' succeed it will be to their own ciedit 



VIII. SUMMARY. 

1. All recognized Bilkworm diseases are found in India. 

2. These diseases arc the same in India as in other pails of the 
world. 

3. The diseases of miilherry. muga and eri worms are the same. 

4. Pebriue is of inipoitance onl}* in mulberry worms. In 
village stock it is still rampant, but in stock from examined seed, 
such as is supplied b}’ Government nurseries, it is not SGiious. 
Losses from pebriue are still heavy, however, as the large majority 
of rearers use unexamined seed. 

6. Mupcardine is also almost confined to mulberiy woims. and 
it is a most serious pest. Although the procedure for cllecl^.)ng 
attacks is well known, no steps seem to lie taken when an epidemic 
breaks out and whole rearings are frequently lost.. 

6. The “fly" levies a heaiy toll on all silk\\orms in Bengal 
and Assam. The measures for cheeking it arc somcuhat costly 
and little is done in this direction. 

7. Flachciie is not of great importance as a rule in mulberiy 
worms, except among univoltinc ones, probably causing less lo&.s 
than any other disease. It occasionally causes serious loss among 
muga and cri worms. As the cause of this disease is mainly 
climatic it will be veiy difiicull to control efficiently although good 
rearing and healthy surrounding.'? will do much. 

8. Grasserie is said to cause considerable loss in Jnclia to all 
silkworms, but it has not been much in evidence dining the peiiod 
of these investigations. It is frequently a sequel to sc«mc (uher 
disease but may also be caused by climatic vngniies. 

9. 'While conditions in India are .^iich ns to make the coinrol 
of disease considerably more difficult than in Icniiiciatc coiuniic.*-. 
there is no reason why diseases should not be coiiti oiled, and uluio 
efficient sericulliiral depaitmeuts aie in existence tins i.s being done 
Avith a considerable degree of succos.'?. 

10. The disease problems m Indian sericulture are ones ol pir- 
veutalive medicine and as such they will clcjiend largely on tlic 
human elements concerned. 

11. The crux of the Avholc question is the “ lyol.” If imjuovc- 
ment is to he eli’ected the village rearer will Lave to be in.-stiucled 
in the causes of disease and induced to go in for improved met beds 
of rearing. 

12. In order to do this the piwincial scricultuial dcjiaitmciif.'- 
will reejnhe to be reciuitcd from the best type of man aA'ailabli , 
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nifl their will have to be strengthenerl in ever}- possible way 
by Government. 

13. The industiy is eminently a cottage one and the rearers 
should be encouraged to go in for the production of disease-free 
seed tlieni^elves. The extension of the Government nui’seiy policy 
would ccitninh' liclp to give the rearer better seed but it would 
ilo no more. It would leave him actuality but little better off than 
he is at picsent. Unless the learer can be peisuaded to improve 
himself practically- no real control of diseases can be expected 

14. financial assistance of some sort is essential, for tlio aveiagc 
learer is too poor to afford " improvement<!.’" 

1j. The mort. important woilc of the Goveinment scriciiltmal 
department*^ ‘■hould thus be iiistiuclioii and siiperinsion 

IG. The policy ot cupemsed rcaieis should be given a fan 
trial. 

17. The policy ol sericultural schools attached to Governineiit 
nurseiies is highly to be commended. Piobably only thiough the 
children ot reaier.> can jirogress be expected. 

15. In addition to propaganda work tlic sericiiltuial depait- 
ineiits .'■hould conduct, experiments in sencultiiinl practice Es- 
pecially to be commended are attempts at impioving the food 
jilaiits in every possible way-. The intioduetion of Iree-mulbeiiy 
"liould be soriou.*-!}- attempted. 

19. In Older that the various scricultiiial departments may 
know what is being done in all seiicultural countries an adequate 
library of sericultural liter atm e .should be got together — and it 
should be used Further, ollicers in these dejiartmcnts .should be 
encouraged to vrsit foreign silk districts both m India and m other 
countries. 

20 Sound seed is essential but the best seed will give bad results 
if careles'slv reared m unsuitable houses, consequent]}- no scheme 
for supplymo; seed can he considered satisfactory- that does not 
attempt at the same time to improve the rcarmg. Until such 
elementary* principles as these are e.stablished it is a waste of time 
and money to attempt to introduce new races of worm, 

21. In tlie production of sound seed no central seed supply 
station is required and rndecd is probably not a feasible project 
under any circumstances. 

22. Iiiiproveineuts are to be looked for from the work of t-he 
piovincial sericultural departments workmg among the villages, 
3)ut they must be given the necessary time to achieve results and 
sufficient encouragement to stimulate them in an arduous under- 
taking. 
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Compel otivcfiijmes of findings of diseases jji different ram of silkwoims learal 
at Bethampoie Central Nurserij — concld. 


Naino of race 

Rearing period 

Pcrcentiico 

of 

pebnno 

Fcrccnt.igo 

of 

finclicnc 

No 1 A, 14th generation 

March- April 19?0 

CO 

40 23 

No. 1 A| 44tli generation 

Ditto . 

50 

4.5 0 

Nistari . . , . 

Ditto . 

13 93 

30 31 

J 303, 77th generation . 

Ditto . 

G88 

34 4S 

No 1 A, 4.7th generation 

May 1020 . 

5 0 

38 53 

No 4 A, 45th genenation 

Ditto 

5 (4 

4313 

J 303, 78th generation . 

Ditto 

G33 

2323 

Nistan . ... 

Ditto 

5 54 

3013 

Chhotapoln 

Ditto 

5 84 

40 07 

No 1 A, 47th generation 

Juno and August 1020 

4 85 

25 74 

No. 4 A, 47th generation 

Ditto 

4GS 

• 22 39 

J 303, 79th generation . 

Ditto 

7 33 

28 14 

Ni<itari ..... 

Ditto 

7-0 

3111 

Chhotapolu . . . 

Ditto • 

.7 0 

314 
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APPENDIX I, G. 


Eihacts from Mysoic Faim Gramage Register from July 1920 to end of 
. June 1921. 


■'rontli ai'l jear 

1C20 

July 

Augn-t 

September 

October 

iltovcmbct 

■Se comber . . 

1021 

Jnminr) , 

J Anuarj -rebruary 




■aiirch 

-April 

Miv 

June 


locality nti'l quaatitj 


PorerrtaBe 

01 

pobniif or 
percentage 
of dl'itaccil 


IlnrvrKS 


IS, 000 — Kuaigcl Farm 


74 


I ( 1 ) 1 C, 000 — ^Fandiamn ICcrrings, Mjcorc 

( 2 ) 10 , 000 — S.inthcb'tcli.ihnlli Hyot 
(o) < 1 , 000 — Mjiiaru Farm * 


S S Pub 
C 8 li 

Cl Peh 
44 


Picnred by beginner^; and 
hence hich percontage 
ot FI 

Fen am Seiiart mental 

‘<upirM:iou 


fl) 500 — ll\ot of Middur 
( 2 ) 13 , 400 — Kiinigal Farm 


SI Seed 'tipplj, local rjot’s. 

12 3 Seed gob ironi r}ot 


;i) 2 <], 00 <l— Bid vdi Hjota 
l 2 ; 10 , 1 ) 00 — Ditto 


C 23 


Un b‘r departmental 
anpLTM'ion 


( 1 ) 27 , 000 — Kunigtl Firm 

( 2 ) 21 , 000 — ^Xiimintyala Bjot 
( 1 ) 2 . 1 , 000 — Bidadi Raot 


d 

5 Depirtmeni i| supervision 

S 3 Ditto 


• (11 3 , 1100 — Hoi Dolcdelu Byot 

( 2 ) 0 . 900 — Bettihalh 


SG Feb 
CO 1 ) 
33 


I Fc'\ area — ^lienee pcrcen- 
I tigcotn liiRii 
Under Mr- or,’ Farm 

s’lpsrvisiuu 


j ll,10i>— Mjlanpitni Biot 

r 

I ( 1 ) 11 , 013 — ^ITi’Oro ranelnnn Botringa 
( 2 ) I 2 , 0 ia-ir>»ore Farm 
' (J) 14 , 013 — T Fnsipiir Farm 


34 


Dcpirtmenttl super* 
vmoD 


2 4 Veb 

02 n 

212 P.b 

3 21 I'l 
3 4 IVb 
40 11 


Jfl'-oro rrrnj reared 
■ blions the Ici*t pot- 
ent tge unt ol the 
turee ri" 4 .intmg pcrcen- 
tae. bt r.jeelions 


(1) 0,721— BcttMiallj Bvot . 
(2l 12 bill — Ksiorc Faroi 
(II 10,7m— KiU.ri R'ot 
(4) Oi,o00— Mjlanpttna Bjot 


I 


(1) 13,101— im-lut Bsot 

( 2 ) S.SJ 0 — Kil-kfri Brut 
(II O.OUO — ^Sljsore Farm 


( 1 ) E'inig .-1 Byota 


( 1 ) 40 nil— IvUIllUVl B’ ots 
(21 2 >,t) 00 — Bill Ml) Bvots 
( 1 ) 49 , 000 — Ivunlgil Blots 


(II 40 ,-. n— Bid 111 Byot 
(21 o,<l 03 — Kikbcri Byot 
( 3 ) 1 , 931 — Foonnor 


5 8 ll Under 31 }-oro Farm 

3 3 IJ supers islon 

3 1 Sew am,, mider dc- 

3 1 pirtniont.il supers I- 
, Sion 

4 2 h Firm snpcr\I..cJ under 

3 8 ' d.’partmcDL'il supor- 

3 IJ vbion 

I 

I 

14 2 fot under d.'pirtincntnl 

[ siipcrvisinn 


Ucpirtmcnt.tl supersl- 

Sinn, 

08 ! 

8 0 j 

6 2 ' Xen resrine, 31 -idiss 

I floscrnnnnt 
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I Is Mli’C'IlT ON 3i'i: PISI.A-:r^ OF =ILKV. 



IN INI.JA 



•\ 'li 



Experiment 1. 



ExpEBiansNT 2, 

dwoum 0 } disease in 'progeny of diseased moth 2nd generation of diseased moth's 
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ditto (.jO) . 13-11.20 to 12-1-21 
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Amoinit a} iitfcdton in infcclrd tfaij- 
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KEroIlT O.N IKE KliEAtK-5 OI- SK.lsl’ft'ORMS IN' IN'DIA 



ooc'i t or. oi-n 







Amount of infechon i 



3-11-20 Normnllcaf 








Length of time xicLiimscd material remains infective. 
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i7y:’8.(j2o ri vli’K., 2 I Diito i 21 .( 1-20 









Length of time infected house remains infective. 
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Ejffcct of sMdding worms in infected house under a paper box. 
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EspL’RIMENT 11. 

io test cjjfcct of sun S rai/s on 2ioiv{lcrc(l pchnniscil material. 


J30 JIEPOIIT (L\ -lUE disease? 


or ‘^ILKAVODJIS IX l\DL\ 





JjateJuri^r j to 



Ejjecl of laiioiis gomicidcs on infected Uays. 
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ExPEimtENT 16. 



in‘l n vrtr from 

III ini' 






EJJcct of moisture on pcbrinc 
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EJJcct of number of meals on lesistancc to pebnne. 
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ExPEnniENT 19. 

Eijecl of food on diseased moths' piogeny. 








J'lxpnRT'Mn^T 21. 


14C 
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Normal rcarinp 






Experiment 22. 

« 

To SCO if spores are more in/mooifs in inolhs fire days after calling out than on day of cutting out 
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muronti. 

Jinny spore? — ineronts oriiinlly 

niiincroii*. 











To sec ifflachcrie is 2nodi(ced by feeding mulbary caterjnllais on organisms reeovcrcd from diseased Miiga caio jnllars. 
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Ditto . Micrococcus a . Ditto . . l-G-21 











Experiment 2j. 

2o sett if flnchctie is pioduceil by feeding bnclcriii isolated fioni iniious sources to calcipillais undci normal conditions. 
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Ditto 
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Expriitment 26. 

1 0 scr ?■/ flachc) tc is pmlnccil bif f cc linq hurlenn Uohtcd from nn {ous soin rnt to cnfcrpiUara I cpt in cliambci s at .95° F. and 

saturated with mitei vapour. 
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nLvom ox nm diseases or silkivoms lxixdu 
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Exptjmjient ‘ 27 . 

if various tad jccdiuy mdhoils give >ise loJlaoJiaio in loounsfiotn gebriniscd mollis lai/imj, 
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10 0 lEydiochtorio Leaf sii.ikitl lu .ici<l from Nn llachcrio > . . ■ • 

aciil :i0lli Au^iinl 1921 G'uL coali'iit i u uro of noiiiial alkalinity 

Do. do , Leaf iiO iked III .icid fium Do do 

litii duiilcmbcr 1021 i 
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To arc if flachoie js pjothirxd htj fecdiiuj Mufja ('(tierpilhii s on organisms recovered from (liteased Mnga u'oyms. 
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tiEPOPT on TDE diseases of SlI^inVORJIS L\ INDIA 


15‘1 


f 


i\Iori)holog\ . 
JIntUllj 

Rporf formnlion 

Ornin 

Acnr jilntL' 

Acnr Flopp 
Oclatino ftnb. 
Polntn . 
NnlrinU broth 
LilniiiF mill: . 
Dixtni'i' 

llahilil 


Alorphology . 
Mot lilt}- 

Spore formation 
Grain 

Acat plato 
Acar slope 

Gi’lntino ‘•lab 
Potato . 
Nutrient broth 
Litmus mill: . 
Dextroso 
Lactose 
finbitnt 


Morphology . 
Motility 

Spore formation 
Gram 
Agnr plato 
Agar slope 
Gelatine htab 
Potato . 
Nutrient broth 
Litmus milk . 


APPENDIX IV. 

B\ciLLro A. 

. Stout rofl n — fiji loncxOTo — 0 0 ;t ^viflc. Iloundccl ends 
Italhor sloivlv moving 
. Abundant — eontril 
. positive 

. Dirlv uliite. latlur inegiilnr, curled, at first moist becoming rather 
dr;, \QT\ numbranou- 
. Diitj wliito. Iiecoming •wrinkled. 

Lwiuitied, ‘-'\<cat< , pellule on surface 
. Gn vish, (lev ated. dull 
. Turbid 'Mlb rmc Id e pillule ’■* 

. No rlinime nf fir-t — sIil'IiI rmgiilatinn after 1 week. 

. No na*- 
. No eas 

. Di-ee-id imicv niul nmlbtrrv c.’tcrpillars , hcalthv muga, on and 
luullierrv caterpillars, nnilhen.v and en'tor leaf. 

Probably JJeei//ws iprjUfnuin. homb'/ci*. 

PiriLLis B 

, Larcrt rod 3 — fi-ji louq ‘:0 7 o:x wide, more slender than A. 

. Moderated to netnelv motile 
. Abundant, central 
, Positive 

. Wliitish, irregular to ronndi'h, curled, very membranous 
. Pearlv’ white rather spreading, with root like outgrow th.s, wTink- 
led 

Boot-Iike oiitirovvtli-. from line of inoculation, then lii^uifving. 

. Grcvish, dull, rai=ed, not wry ebundaiit at first 
. Polliile round (dge later becoming dense. 

. A little neid after 3 days. 

. No gas 
, No gas 
. Dead moths 

Probeblv Bacilb's rai«o''f« (tni/ccudcO- 
BvciLirs C 

Very short rods 1 Ju longxO C'x wide 

Aitivclv motile 

None 

Negative 

Boiiiidisli VI lute 

Moist, sliinmc, white, filiform 

Not liquified, filiform 

Elcv'nted, yellowish 

Turbid 

Coagulated, acid 



Dextrose 

Lnctoso 


EEPORT ON THE DISEASES OE SILKWORl^IS IN INDIA 155 


Habitat 


Morpliologv . 
Giam . 

Agar plate . 

Agai slope . 
Gelatine slab 
Potato . 
Nutrient lirotli 
Litmus milk . 
Dcxtioso 
Lnetoso 
Habitat 


Morphology . 
Gram 
Agar plate 

Agar slope . 
Gelatine stab 
Potato 

Niitiieiit Inolli 
Litmus milk 
Dextrose 
Lactose 
H alllint 


Jlorphology , 
Gram . 

- Agnr plate . 
Agar slope . 
Gelatine stab 
Potato . 
Nutiient broth 
Litmus milk . 
Dextrose 
Lactose , 
Habitat 


. Gas. 

. Gns 

Gas also gircn m maltose, saeobatosc and mnnnitc. 

. Gut of diseased caterpillar (univollinc, ICnslimir). 

Probably Baalhis enh, 

Micnococcus a. 

. IJhiially diplococens — diam. about 0 7.'5p 
. Positive 

. Round, grensj', opalescent, turning ditfy wlute and finally 
J’cllOlillRh. 

. Filiform, greasy, opalescent turning dirty yolloivish white. 

No liqnification, filiform, ycllmvish Mhile on surface. 

. Raised, greasy, pale Naples yellow. 

. Cloudy gmng ppi, 

. Coagulated — ncid after several days. 

No gos 
. No g.as. 

Diseased muga and mnlliorry worms ; dead miilbcrrj' moths pupm ; 
healthy muga. en and mulbeny worms , leaf of mulboirj’ and 
castor ; an. 

’ Blrcptocoecus p'tstorianu^, Krns.jilschtscliik. 

Micnococcats b. 

^ % 

. Diploooccus — about I p diameter. 

Positive. 

. Round, opalescent becoming deep cadminni jellow, almost blown, 
gicns}', finclj’ gianiilut. 

Filiform, grcns 3 % deep cadmium yellow, 

. Liquifying in foim of nail lolh yellow jipf 
. Rather flat, gicasj’ to diy, j’cllow. 

. Turbid, jcllow ppt 

. Coagulated— acid 
. No gas 

. No gas 

. Diseased mulberry worms ; dc.ad mulberry mollis , mulbcrrj’ leaf ; 
nir. 

Piobablj’ StrcplococcnB a of Sasaki. 

V Slrcptococcux homhyns, Hracelimli 

Micnococous c. 

. Diplococens— dinm. nboul. 0*75p. 

. Positive, 

■ Round, opnlcsccnt turning pale Naples yellow. 

. Filiform to celunate, gica«gr, wliilisli tuniuig pale yellow. 

. No liqiidaction — j'cllow on surface. 

. Scants', eolouilcds, greasj'. 

. Turbid. 

• No change 

• No gas. 

, No gns. 

Mulhetrj' leaf and air. 


L 
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Mirpococous cl. 


Aforpliolopj- . 

Dijilnrornr, .If Imtrn in t.lnpliylococcn't lil'c gronp®— rannll, rliatn. 
0 .’nji. 

Grnin . 

. To ili\p 

Apnr plnlc* 

IbiiiTi'l, rT('.'''y, f nlpliiir jcllow. 

Apiii i-Iojv' 

Vilifonii, fiilplmr jtlloH, 'lipbtly r.'ii'-cfl. 

OrlitiiiP ‘>1 lb 

T.iqinfiinc m form of ti.nil. 

rolnlo . 

. pn"'\, \cllov.. 

Kiilnriit limlh 

'furliiil. ppt 

I.iliium nulK . 

f’V.'i'Mil.ito*!— arid nfi-'r 'omr tijiip. 

r 

Ni) I'l- 

to 1 

Xo pai 

JInbil.it 

r.'iil of ill' ,>1 ffl imiUiprry citcrpillnrc; pit of health} rn nnd 
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DESCRIPTION OF PLATES 


I’latk I 

Fig 1 Noniinl cateipillar for contwbt with fig 5 
„ 2. Poitioii of luglili tlisc.TiBd oatoi pillar showing pebiiiip spots — especially note 
those on the anal horn, which frequently 1ms a hcoiclictl appearance 
3 Highly (hscnscfl moth show mg distortcil. ciuniplctl wings 
4. Pifcc of "hm of catoi pillar with pcbiinc spots, tioatcfl with caustic potash and 
cxniiiinefl iintlcr a inicioscope Each siiot is a little “ cyst *' of pebnne spores 
The j ouiiger ones are smaller and lighter coloiiird. 

3 Highly cliseascil caterpillar showing pebnne spots 

PrjVTE II 

Pig. 1 Portion of mIU gland of highly pchnniscil worm — the wlntc patches aic infected 
arca*- 

„ 2 Portion of the gut of a caterpillar fed licaMly on spores and thus heavily diseased 
showing lilack spots on the gut wall— compaiable with pebnne spots in the 
shin. 

„ 3 A section through the shin of a heavily diseased worm with pebnne spot® The 
blue lajcr is the outer shm (cuticle)— the pale giccii is the hypoderrais— the 
dnik green is muscle — ^tlic led masses are foci of pebrme infcctiors — ^llie 
brown masses aie old foci of infection ^whiih have lioen infiltrated with clntm 
„ 4 A youngci stage in the formation of pebnne spots showing a focus of pebnne 
infection m the lijqiodcrmis hceoming mfillrated with chitin 


Pr,\Tn III 

Fig 1 Eaily strge in infection of gut wall showing a few spores (oval black} near the 
basal nicnibraiic and a niimhei of iniroiils, smaller oral bodies each dmding 
into 2 — note the 2 nuelci in each Seim-dingraminafie X roughly about 375 
„ 2 Section through a developing egg showing ineronts of Kofcma banihycis in the 
jolk Slightly diogr.aininnl]c y, longhly about 375 
„ 3 Section Ihiongh the gut of a caterpillar four days aftei feeding it on spores, show> 
me the evtrciiicly hcaiy aporc foiraistion Note also the digestive juice buds 
hciiig budded oil Scnii-diagramniatic x roughly about 375 
„ J. Spoic with polar filament cvtnidcd X 2150 
„ 5 PJnnont just cscnpqd from spore ease X 2150. 

,1 G Planonl X 1920, . ^ - 

- * '^7 '' ^ , . 

- ■ PtME r\h 

Diseased moth’s progeny fed 4 meals sf-day lnfchiin'ulbcfrj< -,Just previous to spinning 
Note great variation in ' - - J’ . ' ' . . ' . 


• V’v • 


. ,# 


, -s T’ ' f ' - . Si'"’' -* ' 

Diseased moth's piogcny fed • C mcijTs d.ilay'hu^h mulbciry Jubt prenous to^^innjng,^ 
Loss variation in size. ■ ‘ 
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Diseased moth’^pjlbgcny 

Hardly vaM^WT^ 
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I'l.vtr VII. 

Fig 1. fjcclioii tif pul \\iill o{ rnti'n'''!’''' •"‘‘b' 

jjipront-i 111 llic Piiili’ Al i jui.' Iiil 1 ' 

s|inrp- into hpnrt* lictw^t'ii nn*l ^V'ntnijt!iw { 

2. Srclion if put V.’ll of rp,U,ii fi.l four ihj |r.' Ir < ‘y ’ ' - • i 

iiifcctinn of •siinri'i >: Hn<l. 

„ 3 Fcclion tliroiiL'Iin o{*/-lifMini’ -por. '■Si*' * 

iiiLiit tliftn Plafi' III, fip. 2 3‘H 

4. Hind put of Tinnly Imlrlird fi(<i[>ilhr fmijidj''' ) ,''i‘ i *. 

nnp -poK'! in llio put x .'KHI. 


Pi.tTr VIII 

Fig 1 Jlicincopcii'i n x 37."). 

„ 2. Mi(rocP('nis 0 X 37.7 

•t 3. MicroLOcoYi.. li X 37.7. 

It 4. Sporo' of hii'iun',*i (Min. lt.!,!)* } X 3-*''. 

,. .7. Sporr.. of Kwhi/fit (IVliriii'*) • 3"." 

„ fl 1Incillii<; A — ^pori’ fnimpfHiii a 37.7. 

V 7. Hacilliis A X 37.7 

,< 6. H,ieilliis li : 373 

„ 9 llnciHu'^ H — ..por.. fonnntion X 37.7, 
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